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Problem 1.1 


1.1 Two solid cylindrical rods AB and BC are welded together at B and loaded as 
shown. Determine the magnitude of the force P for which the tensile stress in rod AB 
is twice the magnitude of the compressive stress in rod 


^ _ -p p 

A Aa r tui-f 

*£roV3%tor k ? 


tp (75'^ r 44/7-7/"/* 1 ' 


(2XtfO) - P 

Aab 

■240-- P _ 

44/7- 7 


0-OS -43 - 22 6-4x/e ? 


Gary ed' <’ 




^■<>7*^ yro 6 Psr £ (a oSAhl ~ zib- 4-X/o P) 



■IOOO mm- 


p ~ 1 / 2-7 iua 


Problem 1.2 


1.2 I 11 Prob. 1.1, knowing that P- 160 kN, determine the average normal stress at 
the midsection of (a) rod AB, ( b ) rod BC. 

1.1 Two solid cylindrical rods AB and BC are welded together at B and loaded as 
shown. Determine the magnitude of the force P for which the tensile stress in rod AB 
is twice the magnitude of the compressive stress in rod BC. 
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Problem 1.3 



13 Two solid cylindrical rods AB and BC are welded logeiher at B and loaded as 
shown, Knowing that the average normal stress must not exceed 175 MPa in rod AB 
atid 150 MPa in rod BC, determine the smallest allowable values oT il t and 
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Problem 1.4 



1.4 Two solid cylindrical rods AB and BC are welded together at B and loaded as 
shown. Knowing that d t = 50 trim and d } = 30 nun, find average normal stress at the 
midsection of (a) rod AB, (b) rod BC. 
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Problem 1.5 


1.5 A strain gage located at C on the surface of bone All indicates that the average 
normal stress in the bone is 3.80 MPa when the bone is subjected to two 1200-N 
forces as shown. Assuming tire cross section of the bone at C to be annular and 
knowing that its outer diameter is 25 mm, determine the inner diameter of the bone’s 
cross section at C. 
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Problem 1.6 



1.6 Two steel plates are to be held together by means of 16-mm-diameter high- 
strength steel bolts fitting snugly inside cylindrical brass spacers. Knowing that the 
average normal stress must not exceed 200 MPa in the bolts and 130 MPa in the 
spacers, determine the outer diameter of the spacers that yields the most economical 
and safe design. 
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Problem 1.7 


20 LN 



1,7 Each of the four vertical links has an 8 x 36-mm uniform rectangular cross 
Section and each of the four pins has a 16-mm diameter. Determine the maximum 
value of the average normal stress in the links connecting («) points 1.1 and D, (h) 
points C and E. 


Use ABC as a free boJy, 

30 


0 . 02 $ -4c- 


O.OMo 


2>? - O • (.O.OHo) F B 


80 


A £ 

(o.O25-h0.oto)(2c>xio 3 ) - a 


j 


\/ f>£ 


QO — 


33.SXIQ N 


t i/)k 8D fS i* fernSt'em. 


O: ~( 0 . 0 Ho) - (o. 025 )( 20 y/ 0 3 ) = 0 


'8 


F^p - - xiQ 


(.a't 


V, I »r l<| Of? t3 < <9 c jp r e j s i cv>, 

AAf area of ov»e 1< f~or fex\Sio^ — ( 0 . 008 .) A?, C>36 - ^.OiG ) 

- /£Ox /0 tv* , por -fu/o pc»^oJ?/ei^ JVrt ks_, ; 33,0 */G 

Xs4/ess ivn SD- 

6^ iol.CMPa.- 


6V * ^ e_ 


J i3D 


.ZZ.r.SyJ^. - JOI ,SG*lO U 


A«1 3*0*/o' 

Area. - Pr?/' am e J>;„k t*o Co>” crtJ.s^/O'i “ ( 0 . 00 %)( 0 . 03 >£>) 


£33 x I0~ & no^ 


(b) 


6, 


cc 


FLr 

A 


Fo/- ~j~iyvo pct-raffle-P A - S7£> *IQ> w 

-/2.5‘v/o 3 - - 2J.7o V/o " $; e "-Xf.7MRa. 


X70 v io 


-c. 


Proprietary Material. © 2009 The McGraw-Hill Companies, Inc. Ali rights reserved. No part of this Manual may be displayed, reproduced, or 
distributed in any form or by any means, without the prior written permission of the publisher, or used beyond the limited-distribution to teachers 
and educators permitted by McGraw-Hill for their individual course preparation. A student using this manual is using it without permission. 


www.elsolucionario.net 






www.elsolucionario.net 











Problem 1.10 uo Link AC has a uniform rectangular cross section 3 mm thick and 12 mm wide. 


Determine the normal stress in the central portion of the link. 
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Problem 1.11 


1,11 The rigid bar EFG is supported by the truss system shown. Know- 
ing that the member CG is a solid circular rod of 18 mm diameter, determine 
the normal stress in CG. 
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Problem 1.12 


f. 12 The rigid bar EFG is supported by the truss System shown. Deter¬ 
mine the cross-sectional area of member All for which the normal stress in the 
member is 105 MPa. 
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Problem 1.13 



1.13 A couple M of magnitude 1500 N • m is applied to the crank of an engine. For 
the position shown, determine (a) the force P required to hold the engine system in 
equilibrium, (b) the average normal stress in the connecting rod BC, which has a 450- 
mm uniform cross section. 
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Problem 1.14 



1.14 An aircraft tow bar is positioned by means of a single hydraulic cylinder 
connected by a 25-mm-diameter steel rod to two identical ami-and-wheel units DEF. 
The mass of the entire tow bar is 200 kg, and its center of gravity is located at <!. For 
the position shown, determine the normal stress in the rod. 

Dimensions in turn 


850 


500 


075 


825 


FRE6 e>OX>'i - ToytBW.! 



w - (too m/s*) * Dt2.oo M 

o : 

8SOR - USoO^^- 00 <Y) “ ° 
= ZCoS+.S Nl 


FR££ - &oTVt AB-H 

5 WH6£i7 UttiTS 2 



too 

+»^ = (olS 


«* - 9.4-Z7o ° 


+')Ih\ 6 » o : 


(Fct, 40s ocYssro') - fYsoo) = o 

;(24.54.5 It) 


F = 




r co “ S50 c.ot, 8.4270° 

2.434.5 t4 (fcoMp,') 
Pep 2.434.5 Nl 


irfo.o tls'wf ) 2 

4,4 44 7 * (O fc Ra. 




4.97 tAFa “4 


Proprietary Material. © 2009 The McGraw-Hill Companies, Ine. All rights reserved. No part of this Manual may be displayed, reproduced, or 
distributed in any form or by any means, without the prior written permission of the publisher, or used beyond the limited distribution to teachers 
and educators permitted by McGraw-Hill for their individual course preparation, A student using this manual is using it without permission. 


www.elsolucionario.net 



Problem 1.15 


115 The wooden members A and B are to be joined by plywood spiiee plates that 
will be fully glued on the surfaces in contact. As part of the design of the joint, and 
knowing that t h e c learance between the ends of the members is to he 6 mm. 
determine the smallest allowable length / if the average shearing stress in the glue is 
not to exceed 700 kPa. 
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Problem 1.16 


1.16 When the force 1* reached 8 kN, the wooden specimen shown failed in shear 
along the surface indicated by the dashed line. Determine the average shearing stress 
along that surface at the time of failure. 
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Problem 1.17 1.17 Two wooden planks, each 12 mm thick and 225 mm wide, arejoined by the dry 

mortise joint shown. Knowing that the wood used shears offalong its grain when the 
average shearing stress reaches 8 MPa, determine the magnitude P of the axial load 
— H K - I fi nun which will cause the joint to fail. 
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Problem 1.18 
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1.18 A load P is applied to a steel rod supported as shown by an aluminum plate into 
which a 12-mm-diameter hole has been drilled. Knowing that the shearing stress 
must not exceed 180 MPa in the steel rod and 70 MPa in the aluminum plate, 
determine the largest load P that can be applied to the rod. 
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Problem 1.19 i-i* The axial force iti the column supporting the timber beam shown is P = 75 kN 

Determine the smallest allowable length /. of the bearing plate if the bearing stress in 
.. ttlC timbCI HOt tO CXCCCd 1 0 MPa " " . 
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Problem 1.20 



1.20 The load P applied to a steel rod is distributed to a timber support by an annular 
washer. The diameter of the rod is 22 mm and the inner diameter of the washer is 25 
mm, which is slightly larger than the diameter of the hole, Determine the smallest 
allowable outer diameter d of the washer, knowing that the axial normal stress in the 
steel rod is 35 MPa and that the average bearing stress between the washer and the 
timber must not exceed 5 MPa. 
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Problem 1.21 


l* = -10 kN 


1.21 A 40-kN axial load is applied to a short wooden post that is supported by a 
concrete footing resting on undisturbed soil. Determine (a) the maximum bearing 
stress on the concrete footing, (b) the size of the footing for which the average 
bearing stress in the soil is 145 kl‘a. 
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Problem 1.22 



1.22 An axial load P is supported by a short W200 X 59 column of 
cross-sectional area A = 7560 mm 2 and is distributed to a concrete foundation 
by a square plate as shown. Knowing that the average normal stress in the col¬ 
umn must not exceed 200 MPa and that the bearing stress on the concrete 
foundation must not exceed 20 MPa, determine tire side a of the plate that 
will provide the most economical and safe design. 
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Problem 1.23 


1.23 A 6-mm-diameter pin is used at connection C of the pedai shown. Knowing that 
P ~ 500 N, determine (a) the average shearing stress in the pin, (b) the nominal 
bearing stress in the pedal at C, (c) the nominal bearing stress in each support bracket 
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Problem 1.24 


1.24 Knowing that a force P of magnitude 750 N is applied to the pedal shown, 
determine ( a ) the diameter of the pin at C for which the average shearing stress in the 
pin is-40 MPa, ( b ) the corresponding bearing stress in the pedal at C, (r) the 
corresponding bearing stress in the each support bracket at C. 
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Problem 1.25 



1.25 A 12-mm-diameter steel rod AB is fitted to a round hole near end 
C of the wooden member CD. For the loading shown, determine (a) the max- 
iniuin average normal stress in the wood, (b) the distance b for which (he av¬ 
erage shearing stress is 620 kPa on the surfaces indicated by the dashed lines, 
(<;) the average bearing stress on the wood. 
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Problem 1.26 


1.26 Two identical linkage-anddiydraulic-cylinder systems control tile 
position of the forks of a fork-lift truck. The load supported by the one system 
shown is 6 kN. Knowing that the thickness of member BD is 16 mm, deter¬ 
mine ( a ) the average shearing stress in the 12-mm-diameter pin at B, (b ) the 
bearing stress at B in member BD. 
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Problem 1.27 



1.27 For the assembly and loading of Prob. 1.7, determine (a) the average shearing 
stress in the pin at B, (6) the average bearing stress at B in member BD, (c) the 
average bearing stress at B in member A BC\ knowing that this member has a 10 x 50- 
min uniform rectangular cross section. 

1.7 Each of the four vertical links has an 8 x 36-mm uniform rectangular cross 
section and each of the four pins has a 16-mni diameter. Determine the maximum 
value of the average normal stress in the links connecting (a) points B and D, ( b ) 
points C and 


Use har ABC as a -free body . 
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Problem 1.28 



(ex) D i d. 


(IX 



Link AB, oi width b ~ 50 mm and thickness t = 6 mm, is used to support the 
end ofa horizontal beam. Knowing that the average normal stress in the link is -140 
MPa, and that the average shearing stress in each of the two pins is SO MPa. 
determine (a) tire diameter d oi the pins, (/)) the average bearing stress in the link. 
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Problem 1.29 



1.29 The 5.6-kN load P is supported by (wo wooden members of uni¬ 
form cross section that are joined by the simple glued scarf splice shown. De¬ 
termine the normal and shearing stresses in the glued splice. 
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Problem 1.30 



1.30 Two wooden members of uniform cross section are joined by the 
simple scarf splice shown. Knowing that the maximum allowable tensile stress 
in the glued splice is 525 kPa, determine (a) the largest load P that can be 
safely supported, (b) the corresponding tensile stress in the splive. 
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Problem 131 



1.31 Two wooden members of uniform rectangular cross section are joined by the 
simple glued scarf splice shown. Knowing that P = 11 kN, determine the normal and 
shearing stresses in the glued splice. 
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Problem 132 



1.32 Two wooden members of uniform rectangular cross section are joined by the 
simple glued scarf splice shown. Knowing that the maximum allowable tensile stress 
in the glued splice is 560 kPa, determine («) the largest load P that can be safely 
applied, (/;) the corresponding shearing stress in the splice. 
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Problem 1.33 



1.33 A centric load P is applied to the granite block shown. Knowing 
that the resulting maximum value ol'the shearing stress in the block is 17 MPa, 
determine (a) the magnitude of P, (b) the orientation of the surface on which 
the maximum shearing stress occurs, (c) the normal stress exerted on the sur¬ 
face, ((/) the maximum value of the normal stress in the block. 
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Problem 1.34 


1.34 A 960-kN load P is applied to the granite block shown. Determine 
the resulting maximum value of (n) the normal stress, (h) the shearing stress. Spec¬ 
ify the orientation of the plane on which each of these maximum values occurs. 
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Problem 1,35 



1.35 A steel pipe of 400-mm outer diameter is fabricated from 10-mm-thick plate by 
welding along a helix that forms an angle of 20 u with a plane perpendicular to the 
axis of the pipe. Knowing that the maximum allowable norma! anti shearing stresses 
in the directions respectively normal and tangential to the weld are a = 60 MPa and r 
= 36 MPa, determine the magnitude P of the largest axial force that can he applied to 
the pipe. 
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Problem 1.36 



1.36 A steel pipe of400-mm outer diameter is fabricated from 10-mm-thick plate by 
welding along a helix that forms an angle of 20° with a plane perpendicular to the 
axis of the pipe. Knowing that a 300-kN axial force P is applied to the pipe, 
determine the normal and shearing stresses in directions respectively normal and 
tangential to the weld. 


d 0 - 0. 'jiDO no fo 5 do P- 200 fr^ 

Y7, ~ ~ O.'loo ~ o. 0\0 = 0.no. m 

Ao - irC^- fS)- ti (0.200* - o. i c io l [) 

=" 1Z.Z5 X(o’ S 

Q ~ 3,0° 

AT— P J-r\ ~ 300 y{0 % Cos 2 2^° 

15 " a 7 " ' ~ ]X2?w3=3- 

10 6 P« €r*-2l-GM Pa-a 

9L - x?- sfn - _^3gp y/o 3 s/Vi 9C? 

-“7J7)t/o c •£= 7,27 


^ Sfi 


^~7. 27 x/o 


www.elsolucionario.net 









Problem 1.37 


1.37 A steel loop ABCD of length 1.2 m and of 10-mm diameter is placed as shown 
around a 24-nim-diameter aluminum rod AC. Cables BE and OF, each of 12-mm 



SaseJ on c4 CaJ) le 

Qu - 6^ A “ 61 f eT ~ ( t f 80 ^l 6 6 ) $ (o.oizf r SH.WtlO* N 

8we <4 o^> s-fve^ ^ ol s^ee$ J 

00 f* • 

Qo r T r " s < ^~H^ 2 ' 

- -§(^0*10^) Hf(O.Olo)*' r VS.ZH*{0 % M 

B<«e<4 cm ro4 AC. 

Q»^F V « 

= f (O.Ol?^)* r S&.ZZx/O 3, V 

Acko&fl y/?+>i^«u4e. Qj \% -f-Ke r 29 *70 N 

A jJovJJe JooJ Q. ~ §~ - !£*. 08*/o*W 

h*. 3 

is:08 


Proprietary Material. O 2009 The McGraw-Hill Companies, Inc. All rights reserved. No part of this Manual may be displayed, reproduced, or 
distributed in any form or by any means, without the prior written permission of (he publisher, or used beyond the limited distribution to teachers 
and educators permitted by McGraw-Hill for their individual course preparation. A student using this manual is using it without permission. 


www.elsolucionario.net 







Problem 1.38 



1.38 Member ABC. which is supported by a pin and bracket at € and a cable BD, 
was designed to support the 16-kN load P as shown. Knowing that the ultimate load 
forcable BD is 100 kN, determine the factor of safety with respect to cable failure. 
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Problem 1,39 



1.39 Knowing that the ultimate load for cable BD is 100 kN and that a factor of 
safety of 3,2 with respect to cable failure is required, determine the magnitude of the 
largest force P which can be safely applied as shown to member ABC. 
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Problem 1.40 



150 mm 


300 nun 


t.40 The horizontal link EC is 6 mm thick, has a width w = 30 tnm, 
and is trade of a steel with a 450-MPa ultimate strength in tension. What 
is the factor of safety if the structure shown is designed to support a load 
P = 40 kN? 
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Problem 1.41 




Hr 300 mm 



1.41 The horizontal link BC is 6 mm thick and is made of a steel with 
a 450-MPa ultimate strength in tension. What should be the width tv of the link 
if the structure shown is to be designed to support a load P = 32 kN with a 
factor of safety equal to 3? 
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Problem 1,43 


ifi kN 12-5 mm 


1.43 The two wooden members shown, which support a 16-kN load, are joined by- 
plywood splices fully glued on the surfaces in contact. The ultimate shearing stress in 
the glue Is 2'5 MPa and the clearance between the members is 6 mm. Determine the 
required length /, of each splice if a factor of safety of 2.75 is to be achieved. 


'Inhere. -j.ne. L f se p& -/ cp «_ '/- e a. tr of 

’> ' hcxcJ^- <3 Joe a.'As.cc vv\iJsi {v'a.v'Smi i % Uh) 

of sheas Poa<*„ 

lfikN P= $ kM - $*/ 0 3 W 

Re^cnYeA uJf I fe jPoa,d, 

P 0 - (F .sAP - 7Q.y\o N 

JW-q 1 ^ of earX. ^Poe. a'sea 9 

? ° z TjA = r ^ VJ Sd - (?.i'vio^Y(oTr2?) r 10 - tf></0 m 

L eto j-|4, sf spAce; L= 22+c - iXtlo.H * (O' 3 ) + O.OoG, r 0.14 6 8 WO hn 

L ’• = ’ 14 6»2 tv^ w. 


Problem 1.44 


f (j IrN 125 mm 



1.44 for the joint and loading ofProb. 1.43, determine the factor of safety, knowing 
that the length of each splice is L — 180 trim. 

1.43 The two wooden members shown, which support a 16-kN load, are joined by 
plywood splices fully glued on the surfaces in contact. 'Die ultimate shearing stress in 
the glue is 2.5 MPa and the clearance between the members is 6 mm. Determine the 
required length /, of each splice if a factor of safety of 2.75 is to be achieved. 
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Problem 1.45 



I.4S Three 18-mtn-diameter steel bolts are to be used to attach the steel plate shown 
to a wooden beam. Knowing that the plate will support a 110-kN load and that the 
ultimate shearing stress lor the steel used is 360 MPa. determine the factor of safety 
for this design. 
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Problem 1.46 



1.46 ! hrec steel bolts are to be used to attach the steel plate shown to a wooden 
beam. Knowing that the plate will support a 110 kN load, that the ultimate shearing 
stress for the steel used is 360 MPa, and that a factor of safety of 3.3S is desired, 
determine the required diameter of the bolts. 
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Problem 1.47 


MK 

»ir> 


1.47 A load P is supported as shown by a steel pin that has been inserted in a short 
wooden member hanging from the ceiling. The ultimate strength of the wood used 
is 60 MPa in tension and 7.5 MPa in shear, while the ultimate strength of the steel is 
145 MPa in shear. Knowing that b = 40 mm, c ~ 55 mm, and d- 12 mm, determine 
the load P if an overall factor of safety of 3.2 is desired. 

1.48 For the support of Prob. 1.47, knowing that the diameter of the pin is d “ 16 
mm and that the magnitude of the load is P = 20 kN, determine (a) the factor of 
safety for the pin, ((>} the required values of b and c if the factor of safety for the 
wooden members is tire same as that found in part a for the pin. 
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Problem 1.48 



1.48 A load P is supported as shown by a steel pin that has been inserted in a short 
wooden member hanging from the ceiling. The ultimate strength of the wood used 
is 60 MPa in tension and 7.5 MPa in shear, while the ultimate strength of the steel is 
145 MPa in shear. Knowing that h - 40 mm, c ~ 55 mm, and d= 12 mm, determine 
die load P if an overall factor of safety of 3.2 is desired. 
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Po ~ ZAnf 0 - Swcti ~ feX0.0¥o)(6. 0Ss)(7,Sx)cfi) 

= 33 . o y/o 3 A/ 

Use s^JJesi P u r 32 .gx/O ’ 2 N 

V ~ r )(? ^*/ 0 s N 
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Problem 1.49 



1.49 Each of the two vertical links CF connecting the two horizontal members AD 
and EG has a 10 * 40-mm uniform rectangular cross section and is made of a steel 
with an ultimate strength in tension of 400 MPa, while each of the pins at C and F 
has a 20-mm diameter and is made of a steel with an ultimate strength in shear of 150 
MPa. Determine the overall factor of safety for the links CF and the pins connecting 
them to the horizontal members. 


Us<2 member «•* 



^kN 


1£ = o 

0.4o F cf ~t0.6S)(MvlO*) • O 
F c>! s x ic* N 

6<xseci ov% in i^nks CF 

A = el) t - (O.ovo - O.OZ)(o.Oto) - 20 D UQ~ C ^ (Wiidf) 
F y *25^ A* tetjtoO + lO^lZoOvlQr*) v I €0.0*10* N 

Betseel oh doohf* shea*' ir> pmS 

A * f - 7 f(o.ozo) z = 3IM.I4 x/O" 1 ** 

Fit - 2 4 A * CZ)(lSO*lQ*)(3WJ& x/0“ 6 ) - N 

Ad o-j J U siWJW- v/aA*^ U *lo s b) 


Pcwd <d 3 <sd«dy F S, - -~r 

’ Fci 


qq.WS v/Q- 
3*=? */O s 
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Problem 1.50 


"250 mm 



I.SO Solve Prob. 1.49, assuming that the pins at C and /-’have been replaced by pins 
with a 30 mm diameter. 

1.49 Each of the two vertical links CP connecting the two horizontal members AD 
and EG has a uniform rectangular cross section 10 mm thick and 40 min wide, and 
is made of a steel with an ultimate strength in tension of400 MPa. The pins at ('and 
/■ each have a 20 mm diameter and are made of a steel with an ultimate strength in 
shear of 150 MPa. Determine the overall factor of safety for the links O'and the pins 
connecting them to the horizontal members. 


Use member ETFG as "Fre-e. b oJy. 


1 


Fo( 


t Fv 


Cp 


a 


0-4-tn 


~>j 


Us- d * 2& fa '^>1 


b-cr Xr-t by 

WeF d/'eev -J-ov- I k * A-(b~ J)t -(o-e^—o-oz^~zoo*)to 1 

F 0 - 2A6^ = b )(2.6ozio**) -?UokU 


-fe 


o.-, 


CF. 


t)Z M e = o; 

0-4- ~. r - ~ O 

= St kN 

( 2. jfs'j 


v 

.24 M 


Fcti'^c/y-e by cJogLA sV\e.a.*' tn pi’ns # 

A * <?P ~ ^ = J4-/4X//ht 2 

F u - 2A r„ - 

AcF DrSci 1 r's fb-e v/ctAe . F \j~tty’2SkN 

FckA ow of* ^o_ ) a4y ^ FS. ~ 


r<y 


Fe, 


it 


r*s. - 2**2 
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Problem 1.51 


50 im 

: M 




1.51 Each of the steel links AH and CD is connected to a support and to member 
BCl'iby 25-mm-dianietcr steel pins acting in single shear. Knowing that the ultimate 
shearing stress is 210 MPa for the steel used in the pins and that the ultimate normal 
stress is 490 MPa for the steel used in the links, determine the allowable load P if an 
overall factor of safety of 3.0 is desired. (Note that the links are not reinforced 
around the pin holes.) 


Use mew jjev BCE as FV-e-e. btxsiy. 
-O'SHg = o : hf c -*'7rp — O 


prip' 

1 S' 


±) 2 Me.- O : 0 -} F 8 ~0-45p - o 
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Bo+k J.Vr ks n « Sawe ctv'&a~j pit 'i e/i'etVM«.‘fev" coaA ^ 

TKev'e Pt>\rsj FFey Settn-e. iM-fims-fe. Joust. 

■2. „ 4 

F eciflisre. p>V> in sFe<t(r. f\~ d* 1 ~ fy’OzJ) =4*fJ'9xio tn Z 

- %A ~ (z<ox,o l> )U‘io.9x(i i ’) * (Ql-ol kN 
hca,! iJitr* by fensfoM iVi $jnk m A ~Cb~ d ) £~ (O’OS-o-oiS^o-oii.^ }%io 
F u = 6: A -C^x//)(W*) r /47 A A/ 

DM nnvfe Po*.J -f'o v' Jink a*W piv\ is -fl\« 5»>n< c/Mp* 

F. - lai’O*? kH 


AM M cyhJhl \JcJo ) Z S Ft b F>VQ , 

P F*^ o ? 

~ FT^ “ 3.0 


= kN 


faSJouj cjt Je Jo <*jd Foe- s"f r Ookovs / 5 fFz •S /H eoiJe^ ©F ^ F/f o^*<J F 


P = | (*»•«) 
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Problem 1.52 




12 nun 


D 


VI 

p ^ 

€ « : 

a e 

J 

IP 



300 mm 
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j 

Pc' 
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G 


"5 

F AS > 

c 

< 
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1.52 An alternative design is being considered to support member BCE of Prob. 
1.51, in which link CD will be replaced by two links, each of 6*50-mm cross 
section, causing the pins at C and D to be in double shear. Assuming that all other 
specifications remain unchanged, determine the allowable load P if an overall 
factor of safety of 3.0 is desired. 

1.51 Each of the steel links AB and CD is connected to a support and to member 
BCE by 25-mm-diameter steel pins acting in single shear. Knowing that the 
ultimate shearing stress is 210 MPa for the steel used in the pins and that the 
ultimate normal stress is 490 MPa for the steel used in the links, determine the 
allowable load P if an overall factor of safety of 3.0 is desired. (Note that the links 
arc not reinforced around the pin holes.) 


Use BCE a.& *fWe. body. 


+^M 
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O ‘ 




0-7? P - O 

P - I F„ 

+55 p-i F„„-o.+r p = o 

' - 3, “as 
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-A 2. 
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$aa,J -p»n 9 \<^U And piViS AS tS Hte Sr*oJJev~ ( F^e^u ~ !03 .£>f kH 
Cov^reAyjon Jt n^ iH+i *n j P„ = |(F A ti) u - 6$-73 ftM 

pctliitre by ptt\$ C iut tioo s u^, CF co \- 2 A 
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by fens-on tut JVnics CD* (R. 0 ) u - 6l> 

CKoX = £**,-*) = /47 M 

DJpF nwfe 9ou*f S cCfttf p‘vt -5 C D lis kkc Sm* JJe<r, ( Fo^ci “ A-7 kM 

Cor-t'e-s po*J\ r\j uJ?ftn<de )o<uJl P 0 “ J(Fko)(/ - S8-& kk] 

o9f i iv> A fe. £oa-*P 15 fite s »n • P 0 ~ kTJ 

A/Ah,J.A A .4 P ; P - P “ se ' e 


F.S. 


3. o 


f>r /7-^ A A/ 
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Problem 1.53 


Front view 


1.53 In the steel structure shown, a 6-rrmvdiameter pin is used at C and 10-mm- 
diameter pins are used at H and D. The ultimate shearing stress is 150 MPa at all 
connections, and the ultimate normal stress is 400 MPa in link BD. Knowing that a 
factor of safety of3.0 is desired, determine the largest load P that can be applied at A. 
Note that link BD is not reinforced around the pin holes. 


Use -fr-ee voJ-j ABC.* 

O’ZMc. = o : 

0.28& P - 0.1*0 Fej? - O 
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I ■ 7 ’ so 
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Top view 


Side view 
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> e<^ ^ fn 


. i n cvf C 
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Problem 1 .54 


Front view 


—160 mm - 


II C 

■- -120 mm-» 


ftr n 
Top view 


1.54 Solve Prob. 1.53, assuming that the structure has been redesigned to use 12- 
mm-diameter pins at H and D and no other change has been made. 

1.53 In the Steel structure shown, a 6-mm-diameter pin is used at C and 10-mm- 
diameter pins are used at B and D. The ultimate shearing stress is 150 MPa at all 
connections, and the ultimate normal stress is 400 MPa in link BD. Knowing that a 
factor of safety of 3.0 is desired, determine the largest load P that can be applied at A. 
Note that link BD is not reinforced around the pin holes. 


Use Fee buUy ABC. 

I 

OlM t = O ' 

o.28o P - a. no r 8D - o 

P - F*. 

OIH b - O* 

0.16O P - O.no c - O 

P - ^ c 




Side view 


on tne4 A 80. 

F 8d “ <s* A n j - -p~- A„p 

- H,%o x [o 3 U 


S k e ^ ( wv q »r\ $ oA S <5tB. 


F, S. S 

Sh(sJ^-gvc io’J' f-g D '4 4. 80 f /O N. 

V+o* CO P ~ fXl.Sov [C? ) T 2. os 81c? u 


iio pm &A C 


C - 2? A e -.« - 2~ fet* * (2)( l! * 0 * l0 ~)(Dfey (6 * Y - ?.8^4xlo 3 N 
P - (^)(2.227t vlo ) - 2 . \2>!cd N 


of P is *f^e VoXiJe . 


p- 2.6S*irf tJ 
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Problem 1.55 


Top view 

-* 200 min -.180 mm - » 


$ mm <x|pj 


1.55 In the structure shown, an 8-mm-diameterpinis used at/J, and 12'tmn-diameter 
pins are used at B and D. Knowing that the ultimate shearing stress is 100 MPa at all 
connections and that the ultimate normal stress is 250 MPa in each of the two links 
joining B and D, determine the allowable load P if an overall factor of safety of 3.0 is 
desired. 


S+apfcs * iDse ABC as TPe« body# 

A ® _ c 

< -0.20 -JL- _ 


Front view 


^ c 
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f\ S» ^ 
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:25o */o c Xlcox/cT 6 ) _ 7 v /o s 

3.o 
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Fov 1 one jPinfe A = (0.0^o)(0.00 8) - 
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Problem 1.56 




Top view 

j-<~200 mm 1 


1.56 In an alternative design for the structure of Prob. 1.55, a pin of 10-mm-diameter 
is to be used at A. Assuming that all other specifications remain unchanged, 
determine the allowable load P if an overall factor of safety of 3.0 is desired. 

1.55 In the structure shown, an 8-mni-diameterpin is used at A, and 12-mm-diameter 
pins are used at B and D. Knowing that the ultimate shearing stress is 100 MPa at at! 
connections and that the ultimate normal stress is 250 MPa in each of the two links 
joining B and D , determine the allowable load P if an overall factor of safety of 3.0 is 
desired. 
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StcdYcs > Ose ABC as £Vee body. 
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Problem 1,57 



*1,57 A 40-kg platform is attached to the end B of a 50-kg wooden beam AB, which 
is supported as shown by a pin at A and by a slender steel rod BC- with a 12-kN 
ultimate load, (a) Using the Load and Resistance Factor Design method with a 
resistance factor 0= 0.90 and load factors = 1.25 and ft = 1.6, determine the 
largest load that can be safely placed on the platform. ( b ) What is the corresponding 
conventional factor of safety for rod BC? 



- O: U«)§P - 2A -I.2 1aT 2 /. P-- 
F©r clea-of Wj - (4o)(7»8/) r 375.4 N 

X- (£0)(9.%l) - Ltfo.SbJ 

P 0 “ (fx 375.4) +{§ )(^o.s) * LOC 52 >5 to s N 

For S'wfe, j X = ^3 ~K. r 0 

P L - -y m j wr-k \ch FF} — ~; -B>- 

C.v*r f e^Y O* , 

r 0 p 0 + tip,. = <pPo 

p = _ to-toKisvio*) - (i.ar)(i.o6^8*to'‘) 

^ ~v A ■** t A 


~ £.920*10* N/ 

feO SoolJ. flO = -y —'" 

0 Y.al 

Con vyew/f ton ^acAo*' 

F * ?»+?(. “ /, 0658 WO 1 4 £>, C 12P> 

CW> F.S. -- A * ..Jl 2 ti, q L_ 

F 4.783 */o 3 


m = 345 Uqj 


6.7S3X/0 N 

F.S.= 1.713 
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Problem 1.58 



*1,58 The Load and Resistance Factor Design method is to be used to 
select the two cables that will raise and lower a platform supporting two win¬ 
dow washers. The platform weighs 72 kg and each of the window washers is 
assumed to weigh 88 kg with equipment. Since these workers are free to move 
on the platform, 75% of their total weight and the weight of their equipment 
will be used as the design live load of each cable, (o) Assuming a resistance 
factor (j> - 0.85 and load factors y p ~ 1.2 and y r — 1.5, determine the re¬ 
quired minimum ultimate load of one cable. (/;) What is the conventional fac¬ 
tor of safety for the selected cables? 


r*p D f r L p L 


- <pPo 

p _ X ? 0 j- Y u H 
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0 .SS 
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Problem 1.59 


1.59 Link BD consists of a single bar 24 min wide and 12 mm thick. 
Knowing that each pin has a 9 mm diameter, determine the maximum value of 
the average normal stress in link BD if («) 0 0. (b) 0 — 90°. 
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Problem 1.60 


1.60 Two horizontal 20 kN forces are applied to pin B of the assembly 
shown. Knowing that a pin of 20 mm diameter is used at each connection, de¬ 
termine the maximum value of the average normal stress (a) in link AB, [b) in 
link BC, 



Use Jom+ B £«.S -fVee body 
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Problem 1.61 


^ 20 kN 
■ 20 kN 




^ 45 mm 


Leivj ol Sines 

. Rss = 
sin >iS 0 


Fee 

5tw €> 0° 


1.61 For the assembly and loading of Prob. 1.60, determine (a) the av¬ 
erage shearing stress in the pin at C, (b) the average bearing stress at C in mem¬ 
ber BC* (c) the average bearing stress at B in member , . . . - 

1.60 Two horizontal 20-kN forces are applied to pin B of the assembly 
shown. Knowing that a pin of 20-mm diameter is used at each connection, de¬ 
termine the maximum value of the average normal stress (a) in link AB, ( b ) in 
link BC. 
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Problem 1.62 1.62 Two wooden planks, each 22 mm thick and 160 mm wide, are joined by the 

glued mortise joint shown. Knowing that the joint will fail when the average shearing 
...... _• ..^stressjn the glue readies 820 kl'a, determine thesmallest allowable length d of the 

cuts if the joint is to withstand an axial load of magnitude P = 7.6 kN. 
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Problem 1.63 


100 imk , 175 mm' 

v>-\" 


lit w 


1.63 The hydraulic cylinder CF, which partially controls the position of rod DE, has 
been locked in the position shown. Member BD is 15 mm thick and is connected to 
the vertical rod by a 9-mm-diameter bolt. Knowing that P = 2 kN and 0 ~ 75", 
determine («) the average shearing stress in the bolt, ( b ) the bearing stress at C in 
member BD. 


Use BCD «s> -a.-tVee bo^y^ 

vno+e AB Is a. -i^o -fo/cc 


p = 2kW 

& = is a 


7oS *>8 


(Z cos 75*) to 
(2 s.Vi? S°)ku 


Lerv^fU of Ivi-Ar*-. Lev' 1 A 0 „ 

h*= + ^ 

- Z r'loi 


OO p-» 

HOS 


&IM e =o: (fg F„Vl.o c« ZO’) - F«y loo aoO 


t- Aa H-ioo Ct,s 1 ~ nve K 1 

- (2 o»s.7£ o '}0 TS ' 2°°^ ~ ^ s/l ^ 7 - 5 ’“ X' ~ ° 


m. I6.9C F*e - 348. £C8 - C? 

+, Z F* ~ o * C* 4J X C^7S° ~ O 


F aq = H. /4 2.P iW 

£* - 0.3917 kN 


+fZF r =0: C^-f~(4./45H)- Zs^7£°=0 5.973* kA> 


f ?1 ov^ a/f C r C r 

(n’) SVieAv r 'vV'^ sfress 1 m laoi^f Cstf^^g -5In■e.^'A ) „ 

Ak..^ T^et^ ^•(O.ooq') 1 ' s G3.CI7*lo 6 vX 

r ^ . , SS8tOy t O> ^ ^ 0 <^, o ‘ p* 

Ab^f G3. 6/7 *lO c 

(b) Sfictiriw^ 5~fv*eS-S csb Cs tvo wie-^uiev* BP , 

Al - dt - (O.oo? )(o.ot5) - I %S*lo (, w ? 


C * 5*. 9 860 M 


r- <W.I HPa. 


5 - 


C S.qsco V(C^ 


IBS'v fo _t * 


- 4*1.34 *|C> 4 P«. 


(F - W.SMPcl 
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Problem 1.64 


175 imn' 




Lew of vwe>wloeie As. 

a s --A”° 1+ 

— ^ 05 " wivi 


1.64 The hydraulic cylinder CF, which partially controls the position of rod DE, has 
been locked in the position shown. Link AB has a uniform rectangular cross section 
of 12 x 25 nun and is connected at B to member BD by an 8-mtn-diameter pin. 
Knowing that the maximum allowable average shearing stress in the pin is 140 MPa, 
determine (a) the largest force P which may be applied at E when 8 ~ 60°, (h) the 
corresponding bearing stress at B in link AB, (c) the corresponding maximum value 
of the normal stress in link AB. 


Use bn(oeie BCD «s <x -fvee body., 
vicHe -Hi AB t's. a. ~t^o -Fo/ce me** be/; 


f 

B ^ Go 



Pcos Go” 


Ps fw, £o" 


o £- 

2os ' *8 


rD7M^o: (gf FF„X, U o s ,-„ Z o‘) 

~(P Zo°) -(p3.«4o 0 )(l75co 5 Zo°) - o 


St. 1696 Fao. *” I72.S4/H P - O 


F A „ * 2.D4 7 5~ P 


(pL) A P I in <a_4 A sS in sheck.v'. 

y A - - ^ J 2 ' ~ (o.OO&f - SO.ZGSS'^ld'^ wP 
nz - 140 WO & Pa. 


n J — ^~>-c 

u " Ap,-. 


* ?.c«/75'p 

,i4D * ,D " 

P = 3.^370*10* N 


f- S.H<4 UU 


(kB S egy-iy^q ^fress cH B iv\ jP.'w W AB . e$ ~ t~ 12 

A b = dr: = (o.oos )(o.o/z) - p6*/o~ 6 wP 

F Aa = (3.0475* XS.HSTS" WO 3, ) - 7-03S3 */o* V 

Si = jjf-= 73.3 W0‘p^ S b = 73.3 HPci. •* 

(C) <a.x iv-.o m npw>v> c,-fwgss iw ifJ< A 8 » b = 25 £.*•0.013 H-i iv-i 

A^+ “ (b~ d)Ct) - (o.DZZ- 0.00 %Xo. 0 ) 1 .} = 2 oh* lO~ c ^ 

TT' lo???oW' = 3H.SMP*. - 
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Problem 1.65 


1]0 imn 



1.65 Two wooden members of 70 x 110-mtn uniform rectangular cross section are 
joined by the simple glued scarf splice shown. Knowing that the maximum allowable 
shearing stress in the glued splice is 500 kPa, determine the largest axial load P that 
can be safely applied. 


- (O.OTOmVo.IIOmV 7.7*/O' w, 2 
& ~ <=? 0°- ZO° - 76° 


'X ~ s iV. (9 © 

p - a7>K- 3 )fe- 0 o>j^ = M.rewo’ K 

5ir,7<>“ws 70° 


P~ If.6 & UW 
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Problem 1.66 



1.66 The 900-kg load may be moved along the beam BD to any posi- 
tioti between stops at K and F. Knowing that ir M ■ 42 MPa for the steel used 
in rods All and CD, determine where the stops should be placed if the permit¬ 
ted motion of the load is to be as large as possible. 


fK J 

a e - ( f A6 )_ - (5^m ~(aido) i^Xo-oir )*■ 


CD : 




4‘ is fnJ 


~ 8 4 - 4 . 



4 pc qoo 


Use. t^ex-ke*'- BPFD <a_s "f »-« e \>oAy m 

fr 1(30 - £>£;*. 7 pM 

+C F/j-, “ o 

Fa 6 + 0*S~ &») p r O 

, _ _ /'5-F« ChS)lA.l5xw) 

2L>e “ O ~ p o 7 -- 

r S'-Vz"} xio* 

- ^*^07 

- 0.61? fa ^ 

0?M a * 

F5" Fee 

x F - 

■ac F - j' S i fa 


O 

- Xp = o 
I^Feo _ CbS)(»-tft t ) 
p p. £ 
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Problem 1.67 



1.67 A steel plate 10 mm thick is embedded in a horizontal concrete slab and is used 
to anchor a high-strength vertical cable as shown. The diameter of the hole in the 
plate is 24 mm, the ultimate strength of the steel used is 250 MPa, and the ultimate 
bonding stress between plate and concrete is 2.1 MPa. Knowing that a factor of safety 
of 3.60 is desired when P- 18 kN, determine (a) the required width a of the plate, 
(£>) the minimum depth b to which a plate of that width should be embedded in the 
concrete slab. {Neglect the normal stresses between the concrete and the lower end of 
the plate.) 


% kW 

A 


CeO 


L r\_ 

T T 


A * 

Ri- 

(3.&Q )(\% x/Q 3 ~) 


a ~ 4 t ~ °* + (2S&*lo*)(p-ott>) 

a r €L* *>»■> 

Cb) Sensed oftuvS Uedx* tbe^-wfeevo pJWfe awrf coin cv-c-pe 

A ~ * Jep4b - C ^4^*. "2. t') b 'Xu ~ Q.. I * IO fa. 


Pu - 'to A - 2 to (a+ t) b r.o. - ? 


F.S. - 


SoJ? k/ k v\ g -f’o*' - ' 


C3.&o)7l 8 * fO 3 ) 


t -_C£^XE— ^ _ _ 

2 o.oic>)(2.l >lo G ) 


b - 0.%57H% w. 


b — 25 7 
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Problem 1.68 

HO KM 



50 mm 


30 mm 


1.68 The two portions of member AB are glued together along a plane 
forming an angle 0 with the horizontal. Knowing that the ultimate stress for 
the glued joint is 17 MPa in tens ion and 9 MPa in shear, determine the range 
of values of 6 for which the factor of safety of the members is at least 3.0. 

? CO‘OS)(0> 02.) - O' OO IS tv, 1 

P = iokAf P u *(RS)P * 

Qv\ 

6"^ - ^ Cos 1 © 

=■ (mi^Ho-oois -) _ 0 ' g 

ro 3<?X«p 


COS O ~ 0 '2-7 


e ^ 


Q ^ 2 2.-8 


*to 9 4^- s,v> ® f -" s O - ~~ stVi ZB 


l3«-5 cA a* s « _ — __ 

1 0 A- ~~ 2A, 

s.V. 26 - lAe£c , l.*) 


Ru 3o wo 3 

20 - M-'/t" e-32./‘ 

22*8° ;< 0 * 5 2^/ 


O' °i 

9 4 52 . / 



Problem 1.69 


1.69 The two portions of member TB are glued together along a plane 
forming an angle 0 with the horizontal. Knowing that the ultimate stress for 
the glued joint is 17 MPa in tension and 9 MPa in shear, determine (a) the 
value of 0 for which the factor of safety of the member is maximum, (b) the 
corresponding value of the factor of safety. (Hint: Equate the expressions ob¬ 
tained for the factors of safety with respect to normal stress and shear.) 

Ao - (0'0&)(0'C*>) = 6‘£>OlS fr\ l 

A3 fi»0 of>j-\vrnjv* CXnafJe. (RS, 1 )^ ~(Jz5.)tr 
iVoie-v. c,J s-fr-ejs : O'~ Co5 3 q T^ j<r = 

t _ Bur - s'tzAj 

s ' p ' ? w pe 



SU de*^< 

sF/CTS .* 

'l - si* Qcos B 

A 0 


- r„4 0 

•S ivi 0 t-.>S 

© 



5iA* 

(P.^.V = 

Pu^gr 

-P 

p Si’~ 0 

cos © 


E^UcJTik.A - 

r^Ao_ , 





1 J 

?cos l B 

P s <* & c->% & ^ 






_ 

Cos & 

~t~a to 8) - ~ 

17 ~ 0 

*iu9 


<Aki' 27- 

CA> ?o 

«*- S'j Ac, 

_07tto & )(o>eoi&) 

™ ~JL _ _ rt 

32 • <£> 8 

kN 




C«i © 

fcS 2-7-1* 

Rs. 

- Fez - 

P 

52*6^ 

to 

- F = 26 


1 


0 
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Problem 1.70 




1.70 A force P is applied as shown to a steel reinforcing bar that has been embedded 
in a block of concrete. Determine the smallest length /, for which the full allowable 
normal stress in the bar can be developed. Express the result in terms of the diameter 
d of the bar, the allowable normal stress era\ in the steel, and the average allowable 
bond stress r a n between the concrete and the cylindrical surface of the bar. (Neglect 
the normal stresses between the concrete and the end of tire bar.) 


FW skew s'j A - TT O L. 

F = 'Ljtf A - HjU TTof'L 
A - i 

P - 

e«j 'TLintdL - 61 & Of 


Soli/ iV.•fW 


U-j* 61ap d / y- Hut 
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PROBLEM 1.0 



Element ?t 


1.C1 A solid steel rod consisting of n cylindrical elements welded together is 
subjected to the loading shown. The diameter of element i is denoted by <// and the 
load applied to its lower end by P,, with the magnitude P f of this load being assumed 
positive if P. is directed downward as shown and negative otherwise, (c/) Write a 
computer program to determine the average stress in each eleinent of the rod. (b) Use 
this program to solve Probs. 1.2 and 1.4. 


SOLUTION 


E in ELEld £HT L : 


Element I 


It is Fe sum of the forr.es applied 
-h that element and all lower cnc5' 


F; 




A % 

k-l 


AVgKftgg STRESS IN £LEA\E.f4T L 


Aren. - A; 


± Trd 
H L 


PROGRAM outputs 


Avc stress = — 

Ai 


Problem 1.2 
Element Stress (MPa) 


Problem 1.4 
Element Stress (MPa) 


#/*407 


1 3S-i>5( 

2 42.44/ 
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PROBLEM 


XJ.iiit Hi 

jT 

R 


•jo k\l<: 


1.C2 A 20-kN load is applied as shown to the horizontal member ABC. Member 
ABC. has a 10 x 50-mm uniform rectangular cross section and is supported by four 
vertical links, each of 8 x 36-mm uniform rectangular cross section. Each of the 
four pins at A, B, C, and D has the same diameter d and is in double shear, (a) 
Write a computer program to calculate for values of d from 10 to 30 mm, using 
1-mm increments, (1) the maximum value of the average normal stress in the links 
connecting pins B and D, (2) the average normal stress in the links connecting pins 
C and E, (3) the average shearing stress in pin B, (4) the average shearing stress in 
pin C, (5) the average bearing stress at B in member ABC, (6) the average bearing 
stress at C in member ABC. ( b ) Check your program by comparing the values 
obtained for d~ 16 mm with the answers given for Probs. 1.7 and 1.27. (c) Use 
this program to find the permissible values of the diameter d of the pins, knowing 
that the allowable values of the normal, shearing, and bearing stresses for the steel 
used are, respectively 150 MPa, 90 MPa, and 230 MPa. {</) Solve part c, assuming 
that the thickness of member ABC has been reduced from 10 to 8 mm. 


SOLUTION 


F 0 f\ C E 5 irj UN KS 

FTzokN 


2 F 




0,25 wT— O, if m 


M OF AS C -- 

ZF^ (SC)-P(f\c )^0 

} r Bi> - P (# 0 /Z (B C) (TENSION) 
+) FF b = 0: 2 F ce (SC)-r(AB)= O 
F C£ ~ ?(Tb)/z(bc) (comp.) 


0) | (2) Linn C jE 

I_ Bx> f, ■ ~ ' L I F r . Thickness = £. 

f Gc = 4 F /a liS " CE ~ H'^L 

BX> + ‘Bd/^BD k_-d . (7*_P /a 

ajS l GE “ ’CL/^CZ 

(3) p ika (A Pm c. 

/(TTd 2 A) % = f CE /(ir<t/H) 

(?) Sth/LNO BT S smmET FIS S1A LELASC 

Thickness of rfttmktr AC -t hC Mprp f , , T 

si}6..re= r u /(it„) Mf 

ffi) IWftlfiKSMrc Jffsfcjl J “ 

5 V 9 r c , Pci/(/■ $e) AC " 


I F CC ^ = t L 

mi = 

k 1 T/ ^CE ~ — 5l(FiC£ 

(/ Pin c 
t = r CE /(fTt/A 




Z 5 --0:ZF 3 --2F & 

_ 2 (~B£> 

AC 

(CONTINUED) 
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PROBLEM I.C2 CONTINUED 


PROGRAM OUTPUTS 


INPUT DATA FOR PARTS (a), (b), (c): P = 20 kN, AB = 0.25 m, BC = 0.40 m, 
AC = 0.65 m, TL = 8 mm, WL = 36 mm, TAC = 10 mm, WAC = 50 mm 


Sigma BD Sigma CE Tau B Tau C SigBear B SigBear C 


10,00 
11.00 
12.00 
13.00 
14.00 
15.00 
16.00 


78.13 
81.25 
84.64 

88.32 

92.33 
96.73 

101.56 


-21.70 
-21.70 
-21.70 
-21.70 
-21.70 
-21.70 
-21.70 



80.82 


79.58 
65.77 
55.26 
47,09 
40.60 
35.37 
31.08 


^0^0 

2Tbb7 

203.12 


125.00 
113.64 
104.17 
96.15 
89.29 
83.33 
78.13 dt~ 


18.00 
19.00 
20.00 
21.00 
22.00 
23.00 
24.00 
25.00 
26.00 
27.00 
28.00 
29.00 
30.00 


112.85 
119.49 
126.95 
135.42 
145.09 


>33 8.5T' 


-21.70 
-21.70 
-21.70 
-21.70 
-21.70 
-21.70 
-21.70 
-21.70 
-21.70 
-21.70 
-21.70 
-21.70 
-21.70 


63.86 

57.31 

51.73 

46.92 
42.75 
39.11 

35.92 
33.10 
30.61 

28.38 

26.39 
24.60 
22.99 


24.56 
22.04 
19.89 
18.04 
16.44 
15.04 
13.82 
12.73 
11.77 
10.92 
10.15 
9.46 
8.84 


180.56 
171.05 
162.50 
154.76 
147.73 
141.30 
135.42 
130.00 
125.00 
120.37 
116.07 
112.07 
108.33 


69.44 
65.79 
62.50 
59.52 
56.82 
54.35 
52.08 
50.00 
48.08 
46.30 
44.64 
43.10 
41.67 


(c) ANSWER : 16 mm <>d <* 22 mm 
CHECK: For d = 22 mm, Tau AC = 65 MPa < 90 MPa O.K. 


INPUT DATA FOR PART (d): P - 20 kN, AB = 0.25 m, BC - 0,40 m, 
AC = 0.65 m, TL ~ 8 mm, WL = 36 mm, TAC - 8 mm, WAC = 50 mm 


Sigma BD Sigma CE Tau B Tau C SigBear B SigBear C 


10.00 
11.00 
12 . 00 
13.00 
14.00 
15.00 
16.00 
17.00 
18.00 
19.00 
20.00 
21.00 
22 . 00 
23.00 
24.00 
25.00 
26.00 
27.00 
28.00 
29.00 
30.00 


78.13 

81.25 

84.64 

88.32 

92.33 
96.73 

101.56 
106.91 
112.85 
119.49 
126,95 
135.42 
145.09 

ys&Siy 

ysy. / %fs 


-290,18- 


-21.70 
-21.70 
-21.70 
-21.70 
-21.70 
-21.70 
-21.70 
-21.70 
-21.70 
-21.70 
-21.70 
-21.70 
-21.70 
-21.70 
-21.70 
-21.70 
-21.70 
-21.70 
-21.70 
-21.70 
-21.70 



\ 

80.82 

71.59 
63.86 
57.31 
51.73 

46.92 
42.75 
39.11 

35.92 
33.10 
30.61 

28.38 

26.39 

24.60 
22.99 


79.58 

65.77 
55.26 
47.09 
40.60 
35.37 
31.08 
27.54 
24.56 
22.04 
19.89 
18.04 
16.44 
15.04 
13.82 
12.73 

11.77 
10.92 
10.15 

9.46 

8.84 



'2ys\sn 

225.69 
213.82 
203.12 

193.45 
184.66 
176.63 
169.27 
162.50 
156.25 

150.46 
145.09 
140.09 
135.42 


156.25 
142.05 
130.21 
120.19 
111.61 
104. . 17 
97.66 
91.91 
86.81 
82.24 
78.13 
74.40 
71.02 
67.93 

65.10 
62.50 

60.10 
57.87 
55.80 
53.86 
52.08 


rupf-ir c a - -v, ANSWER : 18 mm s d & 22 mm ( '(£) 

CHECK. For d - 22 mm, Tau AC - 81.25 MPa < 90 MPa O.K. ^ ^ 
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PROBLEM 1.0 


f 4||j r.'X 


■ 12.5 mm 


1.C3 Two horizontal 20 kN forces are applied to pin B of the assembly 
shown. Liach of the three pins at 4, B, and C has the same diameter d and is 
in double shear, (a) Write a computer program to calculate for values of d from 
12.5 mm to 37.5 mm, using 1.25-nun increments, (1) the maximum value of 
the average normal stress in member AB, (2) the average normal stress in 
member BC, (3) the average shearing stress in pin A, (4) the average shearing 
stress in pin C, (5) the average bearing stress at A in member A B, (6) the average 
bearing stress at C in member BC, (7) the average bearing stress at B in member 
BC. (b) Check your program by comparing the values obtained for d = 20 mm 
with the answers given for Probs. 1.60 and 1.61. (c) Use this program to find 
the permissible values of the diameter d of the pins, knowing that the 
allowable values of the normal, shearing, and bearing stresses for the 
steel used are, respectively, 150 MPa, 90 MPa, and 250 MPa. (d) Solve part c, 
assuming that a new design is being investigated in which the thickness 
and width of the two members are changed, respectively, from 12.5 to 8 mm 
and from 45 mm to 60 mm. 

SOLUTION 


'DRCES U± MEMBERS Ag AND BC 


TREE 0OPK5 P)N_B 

v V- X- X 


( 1) MM.AVE,$TRZ 36 fA/ AB 

A / b Width =• w 

v/ y T'hickhc.'ss -t 

XpyC^B- («r-cL)t 

Xb- F 5b/^ b3 

Q>) PIN A 

z*=r fie A)/(nd z A) 

(ft) BdhniNG Sf8E55 PTA 
5% Bear ft ~ Foa/dt 

(?) BEPi^NG STRESS AT ft 

/n Member bc 

Sig Be*r F 6c /2ctl 


— From force T~£ihN <SLH : 

F*b __ Fbq _ ZP 

: ~ 5<0 60r Sir, 75° 

v F =• ZPfsmdsystn 75ft 
F* c = 2V>(slh6Qy5i»75>) 

(2ft aae, stress in bc 

%c= ?scft ec 

FA 

(H) FI N C 

r c ^(F £c /2)/(rdyt) 

(Q) BERRIN& STRESS 5L£ 

S ft Bear C ~ Fg C / dt 


(CONTINUED) 


www.elsolucionario.net 







PROBLEM 1.C3 CONTINUED PROGRAM OUTPUTS 

INPUT DATA FOR PARTS (a), (b), (c): P=2otN w t -i2 n\ * 


D 

$ i(*A& 

6>&c 

7/1 tM 

Tauc 

' sibBa&A 

■Sz&ARbc 


at ao 

i 

MPr, 

MPex 

MP* i 

Mpr, 

MPa 

MPa, 

1%-S 

77* 45/ 

-t>8'b87 

x iz5-svy 

/5 7- 4Zo 

2oh P7o 

W7‘i7f 

ni'bPl 

ns 

c )l>l7b 

' 6*7 

6-5*57* 

£(?> ^'2<? 

Ifat+i.Xtb 

( 7 4 • 4 2 2 


2o 

foe * c )50 

'6^6*7 

i'd-lo*) 

bi-¥io 

itbUPS 


77* 2 7 2 

17 -r 

i 

/>/ 4 

"6£'6<?7 

2- (p~ -T 6 £ 

?2*X24 

*?/. 7n 

t/Z- IPS 

r 4. 2 o / 

37 s [ 

i#*w , 

f 

[ ~6£* bfrj 


n-p-m 

t"h 7c A 




tc)AfJUrJCl7'S/nm X ci S 7-7 faro, 


INPUT DATA FOR PART (d): P = 2.0 kN 


I) 

fa On 

/V! /V, 

<>t6, Be 
rnPa 

JAM A 

M Pa 

TAHC 

A) Pc, 

/W 7<r> 

ZUAAC 

MPa 

SfOB/ZR 

fin Pa 

)%‘S 

£i?-XX2 

-ps-Ps 7 

IZX-SP] 

/X?. 420 

55 4* 4-^(7 

UIZ-11$ 

lOb'CiU 

76 

/OX* 7X4 

-A>XiM7 

So, Xot) 

4/- 4-^0 

7 1 0 ■ £ U 

2X 7* *77 

Ilf* 77t 

ZS 

/2C* ifto 

-XX-Xx7 

a Ml i 

,V).-?x7 

/6*-2 a2 

e6y 

10 3- o 5 2 

ShlP 

w-i-ief 

-Pstrl 

to • -* 4* 

2#. 1# 7 

tlP-<S«i7 

/&4-i773 

lr2> 423 

37*5" 

i S'b- cr j l f L t 

~<?X-,PJ7 

1 4 * 2 *c 

17- 3 

n 2. up 

43 7- 3 74 

6 X- 4P/r 


( d) PrltSht (1>: 31 * 2 m X cf X 5 / * 2 X An 
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PROBLEM 1.C4 



1.C4 A 16 kN force P forming an angle a with the vertical is applied 
as shown to member ABC, which is supported by a pin and bracket at € and 
by a cable BD forming an angle fi with the horizontal, (a) Knowing that the 
ultimate load of the cable is 100 kN, write a computer program to construct a 
table of the values of the factor of safety of the cable for values of a and (i 
from 0 to 45", using increments in a and f3 corresponding to 0.1 increments in 
tan a and tan fi, (b) Check that for any given value of a the maximum value 
of the factor of safety is obtained for fi ~ 38.66° and explain why. (c) De¬ 
termine the smallest possible value of the factor of safety for fi = 38.66°, as 
well as the corresponding value of a, and explain the result obtained. 


SOLUTION 


( a ) Vj F &, OF ABC} 


A 

1 7 & 


(Fco5p)(2 7 £tov)^(Fsit)/i)(iooh m) ~Q 


y . c J( p- p 

_c ^ IS Cos/5 -f a 5/11/5 

3>o0 Mm ' f 

F. 5. = tuit/F 

OUTPUT For P— !(f kN AND EultF foo T^I: x/ 


ALPHA 
0.000 3 , 
5.711 2. 
11.310 2. 
16.699 2. 
. 21.801 2. 
12 .6.56 5 2. 
30.964 2. 
34.992 2. 
38.660 2. 
41.987 2, 
45.000 2. 


VALUES OF FS 
BETA 

5.71 11.31 16.70 21.00 26.56 30.96 34.99 


18.66.41.99 45.00 


125 3 . 
991 3. 
897 3 . 
837 3. 
80S 3. 
795 3 . 
803 3 . 
826 3 . 
859 3 . 
899 3. 
946 3. 


358 3. 
214 3. 
113 3. 
04 9 3. 
014 3 , 
004 3 . 
013 3 . 
036 3 . 
072 3. 
116 3. 
166 3. 


3.712 
3.552 
3.441 
3,370 
3.331 
3. 320 
3 ."330 
3.356 
3.395 
3.444 
3.499 


3.830 
3.666 
3.551 
3.477 
3.438 
3.426 
3.436 
3.463 
3.503 
3,554 
3.611 


3.913 3 
3,745 3 
3,628 3 
3.553 3 
3.512 3 
3.500 3 
'3.510 3 
3.538 3 
3.579 3 
3.631 3 
3.689 3 


.966 3, 
.796 3, 
.677 3, 
.600 3, 
.560 3. 
.547 3, 
. 558 3 . 
. 586 3 . 
.628 3. 
. 680 3 . 
.739 3. 


.002 3. 
.830 3 . 
.710 3. 
.633 3. 
.592 3. 
.579 3. 
. 590' 3 . 
.619 3. 
.661 3. 
.713 3. 
.773 3. 

fit) 


995 3.977 
824 3.807 
704 3.687 
627 3.611 
586 3,5^ 

612 3.596 
655 3.638 
707 3.690 
767 3.750 


(b) V)hznp> - $8, 6£J tanfi ~ 0,8 and cable BD Is .pccpenrffculoT 
to the lever arm Be, 

(c) f ,5. -3,579 for & ~ 2 6< 6 \ P is perpendiculac fo /he 

lever arm f\ c 

NOTE: 

The. valuta F. S. -3,579 h ike smallest erf fhevahv €S of T>$. 
dor res pdndr'n^ tt> ft - 3 8, 6 6° aad the largest of those 
dorrespandm^ fo OC - 26,6", The, point CX-Z&.T', pS~3g, 

Is a Saddle point", or "/Din irr>ax" of the function F,5 f(X } &), 
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PROBLEM 1.C5 



1.C5 A load P is supported as shown by two wooden members of uni- 
form rectangular cross section that are joined by a simple glued scarf splice. 
(a) Denoting by ix (! and %, respectively, the ultimate strength of the joint in 
tension and in shear, write a computer program which, for given values of a, 
b, P, <r v and t u , and for values of a from 5 to 85° at 5° intervals, can he used 
to calculate (1) the normal stress in the joint, (2) the shearing stress in the joint, 
(3) the factor of safety relative to failure in tension, (4) the factor of safety rel¬ 
ative to failure in shear, (5) the overall factor of safety for the glued joint. (b) 
Apply this program, using the dimensions and loading of the members of Probs. 
1.29 and 1.31, knowing that <t v = 1.26 MPa and r„ = 1.50 MPa for the glue 
used in Prob. 1.29, and that <r u — 1.03 MPa and r w = 1.47 MPa for the glue 
used in Prob. 1.3-1. (c) Verify in each of these two eases that the shearing stress 
is maximum for a = 45°. 


SOLUTION 


4 


2. €>■: 

jt 


-t/ZK = 0: F ~ PstrtV. 

<J 


V-Pen or 
F = Ps'mor 


tag »~a»u or /ow 

V + Fcos^= 0 

O 

Area, - cl h/Sin (¥ 

Norm! sfress ; 

^ - ~ - (P/ab) Sih'.of 

Area- y 

O S7nr °-' , C = ( r/ah) Sih<XC0b<X 



O) P $:~for tension Susses) 

FSN - CT U /O' 

Of) F 5, for shear: 

f55 - 

a) overall ps.’. 

- The SmgHer of f~.yH and FS5, 


(CONTINUED) 
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PROBLEM 1.C5 CONTINUED 

PftOOrRAM OUTPUTS 


Problem 1.31 

a = 150 mm 

b = 75 mm 

P = 11 kN 

SIGU = 3.26 MPa 

TAUU ** 1.50 MPa 


ALPHA 

SIG (MPa) 

TAU (MPa) 

FSN 

FSS 

FS 


5 

.007 

.085 

169.644 

17.669 

17.669 


10 

.029 

. 167 

42.736 

8.971 

8.971 


15 

.065 

.244 

19.237 

6.136 

6.136 


20 

.114 

. 314 

11.016 

4.773 

4,773 


25 

.175 

.37 5 

7.215 

4.005 

4.005 


30 

.244 

.423 

5.155 

3.543 

3.543 


35 

.322 

.459 

3.917 

3.265 

3.265 


40 

. 404 

.481 

3.119 

3.116 

3.116 

« (b) } (c) 

45 

.489 

.489 

2.577 

3.068 

2.577 

50 

.574 

.481 

2.196 

3.116 

2.196 


55 

. 656 

.459 

1.920 

3.265 

1.920 


60 

.733 

.423 

1.718 

3.543 

1.718 


65 

.803 

.375 

1.569 

4.005 

1.569 


70 

.8 63 

.314 

1.459 

4.773 

1.459 


7 5 

. 912 

.244 

1.381 

6.136 

1.381 


80 

.948 

.167 

1.329 

8.971 

1.32 9 


85 

. 970 

.085 

1.298 

17.669 

1.298 



Problem 1.29 

a = i 2 - S An M 

b = 

1 1 £> tt'o a/ 

SIGU = J-.o 5 M Pe, 

TAUU = f*S M A-i 




AiSrtA 



Ttfri (k Pc\ J 

PS a/ 

PCS 

PS 

JT 


■4« 6 ^ "b 

r 6* 

. 4/ / - 

X b- pO $ 

2 P H- 0 £ 

J 3T 


nh ’ b c ! 

z.6 o . j-Hi 

4 f ) & 


C - ^ P 6 

2;- P 


3 2. 4* 

221- 7 


t+'ir8-b 

2 • :l i 4 

6 c- 


/+<) 0*0 O 

oS 

a. /<+3 

ro‘H' 

2*1 Hi 

?' r 


64 k • & b$ 

ts.&r i 

h bn 

2b- 

p 6 n 
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PROBLEM 1.C6 


Top view 

-200 mm - *■!-< - ISO mm 




J.C6 Member ABC is supported by a pin and bracket at A and by two 
links, which are pin-eortnected to the member at B and to a fixed support at D. {a) 
Write a computer program to calculate the allowable load Pm for any given values 
of (1) the diameter d\ of the pin at A, (2) the common diameter d-j of the pins at B 
and D, (3) the ultimate normal stress an in each of the two links, (4) the ultimate 
shearing stress to in each of the three pins, (5) the desired overall factor of safety 
F.S, Your program should also indicate which of the following three stresses is 
critical: the norma! stress in tire links, the shearing stress in the pin at A, or the 
12 mm shearing stress in the pins at B and I). (/> and c) Cheek your program by using the 
J data of Probs. 1.55 and 1.56, respectively, and comparing the answers obtained for 

l_ r /'„ji with those given in the text. (d) Use your program to determine the allowable 

' load /’aii, as well as which of the stresses is critical, when c/ t = di - 15 nun, <ju = 
110 MP for aluminum links, ru = 100 MPa for steel pins, and F.S. = 3.2. 

^ SOLUTION 


Front view 


12 min 



(a) HT. JlAggftM QF ABC: 

A _® C Z /%= 

IT”/ JL .J p -"Ha^ D 


ZOO WVO Jgo rm* 


Side view 


ZM r = 0- 


0) forgiven d, ojfjJl B l F a = z(b u /rs)(fi~d*/Z), p^ = j^F fl 
(?.; fer . s.i/e" d^of _SW-g.' ^ % - J|| F SJ> 

6) jj r ujtimh sjCSii 'J1 ! C*'i B-P-' f Br y Zfc/FSXO.OlXoM), p = idp /- mi 


_ -20 0 
" id o 
- ZOO n 


(£) h 


-Sp-zartOt 


3 J9 0 


iestfed 


F'q_ i$ iUp smaller of P a n d V, 
ELSrJ. Pf IS the smaller of R AX.()Z P u 


If } stress is Critical th (inks 

& <Pj> and P, < R , stress is Critical m pin f\ 

<^3 c -ind /%<?/> stress h critical in p/njJB ccr)o( £> 
PgOfegQAj OUTPUT 5 

C£J Frdb. 1.53 . bf)m; d / -dm,n J c\ z =l2imn j C; j ^2:ro MPaXu = / 0OMPa £5=3,0 

P a ll=r3,7 2 bN. Stress in pin P\ is criticaj 

UHt Zi/ir/i: d f -IOm 43 |emp 0 o - 2 ? 0 HPp^- lOoMPc^br 3,0 
faff" 3*?7kN.. Stress in pins 3 and D is critical ^8 
<d) mitS d t =d - 15mm,<7 - 110 MPa., T ~m MPa, 3.Z 

r a ([ ~ 3,~19 kN., Stress in links fa critical 
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Chapter 2 
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Problem 2.1 


2.1 Two gage marks are placed exactly 250 mm apart on a 12-mm-diameter 
aluminum rod. Knowing that, with an axial load of 6000 N acting on the rod, the 
distance between the gage merles is 250.18 mm, determine the modulus of elasticity 
of the aluminum used in the rod. 


S = AL 

* - i 




L - Lo ~ 7SO. ig - ZSO.OQ = o. ta 

O, f 8 

-'-5l- • — /A «A0 7f| 


'J S O smrv\ 


o. 000 77. 


J Oa') 1 = 11 3.(097 


M'S. 0«?7 x/o‘ C tv,*" 


p _ 

~ ^ ~ j0^7xjp-^. “ OS2.x to Pa, 

f S f: = 73 .G8^IO^ 

£ o.oool'X. 


£* 1%.1 G-^au 


Problem 2.2 


^ - //J-/xto*/rt 1 


2.2 A polystyrene rod of length 300 mm and diameter 12 mm is sub¬ 
jected to a 3-kN tensile load. Knowing that E = 3.1 GPa, determine (a) the 
elongation of the rod, (b) the normal stress in the rod. 


(€tj S = 


(3000 )(o-S') 


AP Ot3'Jx/0-t> )(3'/Y./o‘ f ) 


(S' - £ x -J2 L— = 

1/3-1 X/D'^ 


= 0*002$(,7 h, 


§ t: 2-1 Aww 


<5^7=- 


Problem 2.3 


2*3 A 60-m-long steel wire is subjected to 6 kN tensile force. Knowing that £ = 
200 GPa and that the length of the rod increases by 48 nun, determine (a) the 
smallest diameter that may be selected for the wire, ( b ) the corresponding normal 
stress. 


P - G*lo s N , S = HS * /o~ 5 E - loo* [o'* Pa 


( G * Io h )(£o') _ 

(700 *10*) (US x I O'*) 
j , !W ^Uvtm.sxio- 


(a) A-frf* 

« *•'£ = ,SO '" 0 ‘ P « 


37,5 * /(T e ^ 


- G.^lx/d m 


A E 


d -5.^1 w»i*i 4-4 

er* / 60.0 NPa-s 


Problem.2.4 


L - ^ /V) (W the corresponding 

A-- 7T 


2.4 A 9-m length of 6 mm-diameter steel wire is to be used in a hanger. 
It is noted that the wire stretches 11 mm when a tensile force P is applied. 
Knowing that E — 200 GPa, determine (n) the magnitude of the force P, 
(b) the corresponding normal stress in the wire 


g = £k -p- AES - (gf'yiMiCutoWc?) 


pc Czowto c, )CO'olt) 

0c>) <s ~ Ee * *— -- 

i q 


4- wfc\ 
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Problem 2.5 


2.5 A cast-iron tube is used to support a compressive load. Knowing that E = 69 
GPa and that the maximum allowable change in length is 0.025 %, determine (a) 
the maximum normal stress in the tube, (b) the minimum wall thickness for a load 
of 7.2 kN if the outside diameter of the lube is 50 mm. 


E * G°i &Pbl * CP * Pa 


£>. ooolS L 


- O. 0002.5" 


(at 6* - E£ ” (£qxio‘ ? Vo. 0007 s) = I7.25v|0 4 Pa. 


S' - I7.ZST MPs,^ 


A = I = 




A - 5-Uj* - di* - d/ - . so’ 


- ^.369 


/ t f vwvn 




t - 2. &2 


Problem 2.6 


2.6 A control rod made of yellow brass must not stretch more than 3 mm when the 
tension in the wire is 4 kN. Knowing that E ~ 105 GPa and that the maximum 
allowable normal stress is 180 MPa, determine (or) the smallest diameter that can be 
selected for the rod, (6) the corresponding maximum length of the rod. 


W 6* - -f 

A 


X J 2 - 

4 M 


Vo) S - 


a = £ 


4x10" 
ISOX ID' 




71. 


- S.Sly-ld" Wt 


(A =• 5". *52 


I _ AE S _ (g?,-3ZZ>-10" fc ^jO-gxlCP Y3 x/Q~ s ) 

p tf- x [ eP 

L = I-ISO 


Problem 2.7 


73 */© Pa 


$ = ISO,IS -250.00 


2.7 Two gage marks are placed exactly 250 mm apart on a 12-mm- 
diameter aluminum rod with E - 73 GPa and an ultimate strength of 140 MPa. 
Knowing that the distance between the gage marks is 250.28 mm after a load 
is applied, determine (a) the stress in the rod, (h) the factor of safety. 


0.23 


O. ZS *IO tv, 


L ~~ X-SO i~ ^.5"O X \0 wi 

to , *r- Be , MS. , „ 

't\ p- c- _ _ 1^ 0*10 _ i-7f7 

w ES. 6 - - ' , * 7U 


(W F S. 


g|,7£x/o e fc<. 8/. g M Pt2- 
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Problem 2.8 


(a.) (Sy - 4oe>*It? 6 Pa- 


2.8 An 80-m-long wire of 5-ram diameter is made of a steel with E = 200 GPa and 
an ultimate tensile strength of 400 MPa. If a factor of safety of 3.2 is desired, 
determine (a) the largest allowable tension in the wire, (h) the corresponding 
elongation of the wire. 

A = f oP = 19.63 l*i.S35 


P 0 ~ (SI A -- 1*400* IO*)(\7. 53J/IO' ss ) “ 7 8A4 Kl 


P«J# - 


7854 

s. a 


24-5*4 N 


~ 2*45 irW 


0=A § = 


A £ ~ (tf.S&SWO^Xpooy/O*) 


“ x 10 ^ 


g = £0„ O \rv\w\ 


Problem 2.9 


A - (5^ jA-it-’’) - 2000 kv*? most 0.12% of its original length. 


2.9 A block of 250-mm length and 50 x 40 mm cross section is to support a centric 
compressive load P. The material to be used is a bronze for which E- 95 GPa. 
Determine the largest load which can be applied, knowing that the normal stress 
must not exceed 80 MPa and that the decrease in length of the block should be at 




<5 0 - go M pa. z. g6 xio 1 F - ?<z 

Ca^ S aA? o*> nJs/*?: sAv-ass 2 

E p s As* - (2//o~ s )(8-ox/o 6 ) - I60X/O 2 * N 

Con sf Je<r oJJouj <x.L j jtg_ p/e Ao/^rviwA'oot l 


P~ AF(^-) - O.^0'^)t c (S^l0 C! )io.Oo[x) ^ 222*zo 3 Ki 


pl'i-e, 'Jc^Joe. ^tioe^nS. P~ 160^/0 f\j 


p:e 160.0 WU -*» 


Problem 2.10 


L — t *£> t»n 
P - Iv (O' 5 > 

S~l'rpss - £” “ 

Oc? t- 4 itf • 


2.10 A 1,5-m-long aluminum rod must not stretch more than 1 mm and the normal 
stress must not exceed 40 MPa when the rod is subjected to a 3-kN axial load. 
Knowing that E — 70 GPa, determine the required diameter of the rod. 


(5~ — 4o x l o c p^ ^ B - po«lo* Pek, j P= 3WO u 


a _ ? «, 3 Xl* 3 

n ’ <? 1+0 y So s 


- 75 * tO rxi Z r 7 S oixn 


5 5T HA 

6 A£ 


a - £k ^ (3*}o’ h Xi.s'> 

M fS ClO>r|O^0 x/O' 5 ) 


G4„ 24 * |Q & inn - C'f.AI wirx\ 


^ ~ "A ^ “V 


A ~ 7.5* mn»n 


(4/7 5’ 


4777 
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Problem 2.11 


2.11 An aluminum control rod must stretch 2 mm when a 2-kN tensile 
load is applied to it. Knowing that o- aM = 154 MPa and E = 70 GPa, 
determine the smallest diameter and shortest length which may be selected for 
the rod. 


P^ 2 kbt S 


* £ ^ 6* 


<SU. » if* 

A > (~n. - = u-ier*.^ 




TT 


Glv 

/5^y.ia if 


fy'61 /"*» 


L ^-o-f/ h> 


Problem 2.12 

CT^ 12 o x/D & Bs 
E * 7o y /O* 

«« s-B- 


w S---I 


2./2 A square aluminum bar should not stretch more than 1.4 mm when it is 
subjected to a tensile load. Knowing that E = 70 GPa and that the allowable tensile 
strength is 120 MPa, determine (a) the maximum allowable length of the pipe, ( b ) 
the required dimensions of the cross-section if the tensile load is 28 kN. 


% - l.*f x/Q'' 8 tv, 

6~ j ?ox|o 6 

P 22* to* . . . c ^ 

~ To* = ^3.353 wo M : 


A - CL 


cx^-TaT Jh&. ssi 


- o.sn^ 

L~ 317 iroiv, 

233. 


Cl- IS. ?8 tatfl 


Problem 2.13 


P = 520 kN 


J_ c 



2.13 Rod HD is made of steel (E — 200 GPa) and is used to brace the 
axially compressed member ABC. The maximum force that can be developed 
in member BD is 0.02P. If the stress must not exceed 126 MPa and the max¬ 
imum change in length of BD must not exceed 0.001 times the length of ABC, 
determine the smallest-diameter rod that can be used for member BD. 


r BD - O.OZP ~ (.O.O^KXZO^ =/£•* }lH 


Coosto/eX'iT,^ S'fv'WS? 6* “ t2l> MPc t 

r~ - 5? * a - Eiil - >04-00 

O “ a *• A ~ TF* - —~- - 9z- 


9t-$4 


Cone • Jf<£S oI S - (O.OO \\(3(>t>d 'j ~ S’i> *>#1 

c _ F®r«. a - F»t«" _ (/».4wo 3 X' iK >) - _ 

s ' h£ " A ' es - O- /v ”■ 


• A r M-SjnhX 


c\ - S Mm 
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Problem 2.14 


- 



2.14 't he 4-mm-diameter cable BC, is made of a steel with E - 200 GPa. Knowing 
that the maximum stress in the cable must not exceed 190 MPa and that the 
elongation of the cable must not exceed 6 mm, tind the maximum load I* that cun be 
applied as shown. 


6* + 4- ; 


L) 5 ^ hay A^ &+& a-pPee body* —-- a 

9XM/>=0 3 S P - (6 )i~^, Fj a ) a ° 

P = O-WOl t- e r Lk—Ax 

s id es'i-rttj O-^OUJ a. ia j?t stress ; C = | >< io 4 ?« 1^ 

A = r ? r -'p.CX^y- - U-£66*to m * 

6' - -* F*. =- (S'A - (\9t> xio^Cw.&Z x(o' & ) - i?.ssgyio' M 

ConSiJ aJPo'O s a>v>2 j s : * (o ^ 

o Fee. L ac ^ p _ A£ S a {/?.566 x'/o j ' 6 )(2oo x-fO^X to xfc?) _ ^5 u 

A S’ Lse. 7. 2. in 

SmaiPe/- F£ c - 2 .O r 1! X |Q 3 N 

P; O.^sm F 6 a - (p.<lfo : ? )(a. ) = LTf3gyio s M P-I.^SS kN -a 


Problem 2.15 



r P = 3.2 IcN 


2.15 A 3 -mm-thick hollow polystyrene cylinder {E 3 GPa) and a 
rigid circular plate (only part of which is shown) are used to support a 
250-mm-long steel rod AB (E — 200 GPa) of 6 mm diameter. If an 3.2 kN 
load P is applied at B, determine (a) the elongation of rod AB, (b) the deflec¬ 
tion of point B, (c) the average normal stress in rod AB. 

AS: L M =a*lSi» 

A M ^ = ^(o-oo^y- -2?a7Xi 

m S„- . < **>?:"> f <w 4 ,s,- 

(■20OMcP)(2e'Z7Xlo~ ) 

H JPout cyf;»Je+Z d o -0*05t" 

A * * $(0'O$*-0'°W) ~ C> 00044-3 m* 1 

L p-S3-oo K/ 

pl_ v,;k 


Ob') DeffWf * on of poi-it 8 
(e.) $+vess V'od AB 


~ £/\ ' >(o.o^£»2(-4i) 

Sg r S tt g k 

p 32-00 

r _ _— / / a _ xaj 


tr d» £>7£2- Xfe. hr 
d'2/4-XfO 3 ^ J,- 


p 32.00 

e = T - - T 

A*0 Z0*i7X/t> 
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Problem 2.16 

36 mm diameter 



2.16 The specimen shown is made from a 24-mm-diameter cylindrical 
steel rod with two 36-mm-outer-diameter sleeves bonded to the rod as shown. 
Knowing that E 200 GPa, determine (a) the load I* so that the total defor¬ 
mation is 0.04 mm, (b) the corresponding deformation of the central portion 
BC. 
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Problem 2.17 


250 mm 



P * 30 kN 


i<—30 mm 


■10 kN 



2.17 Two solid cylindrical rods are joined at B and loaded as shown. Rod AB is 
made of steel (E = 200 GPa) and rod BC of brass (E = 105 GPa). Determine (a) 
the total deformation of the composite rod ABC, (b) the deflection of point B. 

Rod 43 : F Aa = - p ■* - 3 Q«ld N 

L Aa r O.'iSOvm Fas - 200*10“ 6 Pa 

= ^(30^= 7D6,S5»nm - 70&.85-X/o' 6 w, 1 

c , _ 

^ A0 ' £«Aw fcoorflO’X' 106 *^ ^" 6 ) 

= ~SZ.OS2*l6 c v» 

(?oJ BC *- Fpr S’ 30 + HO * 70 kM *■ 7ox/o’ M 

Lrk. r E ac - I^R (O* ?d 

A et =f(^r j.«|£^K/o 3 ^- 1.9S3S x|o“ 3 v^ 

r _ F S ^ 18c _ __ (7P*foM(0-£gP> 

Gc - ~ F et A^ (loSx fD e *)0- < i635'x/o-'l 

- - 101. 3£«1 *I0' C w> 


(a^ oiefpvvm&'Vttfvt r ” S AS + S Sc O-lSHl mw, 

(W'l Defj^e^ iotn of pom'V 3 , §8 r ^8c l ^ ^ lri,, ' v ’ 


www.elsolucionario.net 




Problem 2.18 

I !> = 30 kN 


2.18 For the composite rod of Prob. 2,17, determine (a) the load P for which the 
total deformation of the rod is -0.2 mm, ( b) the corresponding deflection of point B. 


2./7 Two solid cylindrical rods are joined at B and loaded as shown. Rod AB is 
made of steel (E - 200 GPa) and rod BC of brass (E = 105 GPa), Determine (a) 
the total deformation of the composite rod ABC , (b) the deflection of point B. 
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Problem 2.19 


1 


2.19 Both portions of the rod ABC are made of an aluminum for which E- 70 GPa. 
Knowing that the magnitude of P is 4 kN, determine (a) the value of Q so that the 
deflection at A is zero, (b) the corresponding deflection of B. 


0.4 m 


(a.) A Aft = y- q(o.02o) - 31 i. 1C v/o tn 
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Problem 2.20 


2.20 The rod ABC is made of an aluminum for which £ - 70 GPa. Knowing that P 
- 6 kN and Q — 42 kN, determine the deflection of (a) point A, ( b) point B: 


20-mm diameter 
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Problem 2.22 


2.22 For the steel truss (E — 200 GPa) and loading shown, determine 
the deformations of the members BD and DE, knowing that their cross-sec- 
tioual areas are 1250 mm 2 and 1875 mm 2 , respectively. 
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Problem 2.23 



2.23 Members AB and CD are 30-mni-diameter steei rods, and mem¬ 
bers BC and AD are 22 ntm dimneier steel rods. When the turnbockle is tight¬ 
ened, the diagonal member AC is put in tension. Knowing that E = 200 GPa, 
determine the largest allowable tension in AC so that the deformations in mem¬ 
bers AB and CD do not exceed 1.0 mm. 
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Problem 2.24 


2.24 For the structure in Prob. 2.23, determine (a) the distance h so that 
the deformations in members AB, BC, CD, and AD are equal to 1 mm, (b) the 
corresponding tension in member /U.\ 

2.23 Members AB and CD are 30-mm-diameter steel rods, and mem¬ 
bers BC and AD are 22-mm-diameter steel rods. When the turnbuckle is tight¬ 
ened, the diagonal member AC is put in tension. Knowing that E ~ 200 GPa 
and h = 1.2 m, determine the largest allowable tension in AC so that the de¬ 
formations in members AB and CD do not exceed 1 mm. 
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Problem 2.25 




2.25 Each of the four vertical links connecting the two horizontal members is made 
of aluminum (E— 70 GPa) arid has a uniform rectangular cross section of 10 x 40 
mm. for the loading shown, determine the deflection of (a) point /t” (b) point F, 
(c) point G. 
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Problem 2.26 


2.26 Each of the links AH and CD is made of steel (E — 200 GPa) and 
has a uniform rectangular cross section of 6 X 24 mm. Determine the largest 
. load which can be suspended from point E if the deflection of E is not to ex- 
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Problem 2.27 


T 


0.36 i 


& 


I> = 5 kN 


1 


|« 

1—1 

0.20 in 


*31 


2.27 Each of the Jinks AS and CD is made of aluminum (E — 75 GPa) and has a 
cross-sectional area of 125 mm 2 . Knowing that they support the rigid member BC, 
determine the deflection of point E. 
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Problem 2.28 



2.28 The length of the 2-mm-diameter steel wire CD has been adjusted so that 
with no load applied, a gap of 1.5 mm exists between the end B of the rigid beam 
ACB and a contact point E. Knowing that E ~ 200 GPa, determine where a 20-kg 
block should be placed on the beam in order to cause contact between B and E. 
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Problem 2.29 
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2.29 A homogeneous cable of length L and uniform cross section is suspended from 
one end. (a) Denoting by p the density (mass per unit volume) of the cable and by E 
its modulus of elasticity, determine the elongation of the cable due to its own 
weight. ( b ) Show that the same elongation would be obtained if the cable were 
horizontal and if a force equal to half of its weight were applied at each end. 
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Problem 2.31 

2.31 Denoting by ethe “engineering strain” 

in a tensile specimen, show that the true 


strain is e t - ln(/ + e). 


E t - Jin j- 

- J>n S - X ( 1 + f 1 " 

U Lo 

) - J* ( u £ ) 

Til os 


€ t - f* 0 + £ 


Problem 2.32 2 - 3 „ 2 The volume of a tensile specimen is essentially constant while plastic 

deformation occurs. If the initial diameter of the specimen is d„ show that when the 
diameter is d, the true strain is e, = 2 In (d t /d). 



Proprietary Material. © 2009 The McGravv-llill Companies, Inc, All rights reserved. No part of this Manual may be displayed, reproduced, or 
distributed in any form or by any means, without the prior written permission of the publisher, or used beyond the limited distribution to teachers 
and educators permitted by McGraw-Hill for their individual course preparation. A student using this manual is using it without permission. 


www.elsolucionario.net 







Problem 2.33 


2.33 A 250-mm bar of 15 x 30-mm rectangular cross section consists of two 
aluminum layers, 5-mm thick, brazed to a center brass layer of the same 
thickness. If it is subjected to centric forces of magnitude P - 30 kN, and 
knowing that E a = 70 GPa and Ei, — 105 GPa, determine the normal stress (a) in 
the aluminum layers, ( b ) it! the brass-layer. 
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Aluminum - 
Brass - 
Aluminum - 


2.34 Determine the deformation of the composite bar of Prob. 2.33 if it is subjected 
to centric forces of magnitude P- 45 kN. 

2.33 A 250 mm bar of 15 x 30-mm rectangular cross section consists of two 
aluminum layers, 5-mm thick, brazed to a center brass layer of the same 
thickness, ff it is subjected to centric forces of magnitude P = 30 kN, and 
knowing that E a - 70 GPa and Et,~ 105 GPa, determine the normal stress (a) in 
the aluminum layers, ( h ) in the brass layer. 
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Problem 2.35 




Aluminum 

six'll 



2.35 Compressive centric forces of 160 kN are applied at both ends of 
the assembly shown by means of rigid plates. Knowing that E s = 200 OPa and 
- 70 GPa, determine («) the normal stresses in the steel core and the alu¬ 
minum shell, (b) the defonnation of the assembly. 
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Problem 2,36 


(5 mm 6 mm 


Steel core 
£ = 200 GPa 



Brass shell 
£ ' 105 GPa 


2.36 The length of the assembly decreases by 0.15 mm when an axial 
force is applied by means of rigid end plates. Determine («) the magnitude of 
the applied force, (b) the corresponding stress in the steel core. 
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Problem 2.37 


■15ft nun 


1.5 in 



2.37 The 1.5-m concrete post is reinforced with six steel bars, each with a 28-mm 
diameter. Knowing that E s = 200 GPa and E c = 25 GPa, determine the normal 
stresses in the steel and in the concrete when a 1550 kN axial centric force P is 
applied to the post. 
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Problem 2.38 


H<150 mm 



2.38 For the post of Prob. 2.37, determine the maximum centric force which can be 
applied if the allowable norma! stress is 160 MPa in the steel and 18 MPa in tire 
concrete. 

2.37 The 1.5-m concrete post is reinforced with six steel bars, each with a 28-mm 
diameter. Knowing that E, = 200 GPa and E c = 25 GPa, determine the normal 
stresses in the steel and in the concrete when a 1550 kN axial centric force P is 
applied to the post. 
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Problem 2.40 



2.40 Three wires are used to suspend the plate shown. Aluminum wires 
are used at A and B with a diameter of 3 mm and a steel wire is used at C witli 
a diameter of 2 mm. Knowing that the- allowable stress for aluminum (E = 70 
GPa) is 98 MPa and that the allowable stress for steel (£' = 200 GPa) is 126 
MPa, determine the maximum load P that can be applied. 
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Problem 2.42 


Dimensions in mm 


180 -.^ D 120 H 


2.42 Solve Prob. 2.41, assuming that rod .4 C is made of brass and rod CE is made of 
steel. 

2.41 Two cylindrical rods, one of steel and the other of brass, are joined at <.’ and 
restrained by rigid supports at A and E. For the loading shown and knowing that E s 
mo - 200 GPa and Et, - 105 GPa, determine (a) the reactions at A and E, (b) the 

[00 joo deflection of point C. 
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Problem 2.43 


2.43 A steel tube (E, — 200 GPa) with a 30-mrn outer diameter and a 
3-mm thickness is placed in a vise that is adjusted so that its jaws just touch 
the ends of the tube without exerting any pressure on them. The two forces 
shown are then applied to the tube. After these forces are applied, the vise is 
adjusted to decrease the distance between its jaws by 0.2 mm. Determine (a) the 
forces exerted by the vise on the tube at A and D, (b) the change in length of 
the portion BC of the tube. 
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Problem 2.44 2.44 Solve Prob. 2.43, assuming that after the forces have been applied, 

the vise is adjusted to increase the distance between its jaws by 0.1 mm. 

2.43 A steel tube (E s = 200 GPa) with a 30-mm outer diameter and a 
3-mtn thickness is placed in a vise that is adjusted so that its jaws just touch 
the ends of the tube without exerting any pressure on them. The two forces 
shown are then applied to the. tube. After these forces are applied, the vise is 
adjusted to decrease the distance between its jaws by 0.2 mm. Determine (a) the 
forces exerted by the vise on the tube at A and D, ( b ) the change in length of 
the portion BC of the tube. 
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Problem 2.45 


2.45 Links BC and DE are both made of steel {E = 200 GPa) and 
are 12 mm wide and 6 mm thick. Determine (a) the force in each link when a 



deflection of point A. 


Le+ "Hie. V'i'jfei ACDP ro’Wft. 4'lav'oo^ ia 

@ cPa&L &Jaouf~ pot«vf jF 

n e « s c * § 8o = */e* 

So ~ ~ Sftt = 0‘0S'&H 






p = 


gAS 


L 


Fa/- P.vi J<rs r A -(o‘oiz)(o«!o£)- 7 XY 10 L &c -o-i* 3 L o£ ~o-i2-£* 

Js 


c „ lAJfc » «. 0 

8C | ^^ (J*/ 

-jT- 76 x / 0 fc <9 


a<^ 


r „ £ r AS oe _ (^ov I0*)(7iw i )(-o-os&') _ 

‘ 0 & I ' n. 11 r~ 

f-06 


0-/2.T 


[33a. wne^teiT' ACDF «cs &, 

(VFM f = 0: h? - <'/r 6 , +0'^F d5 = o 


Ru.- 


b 


P r iF - J- F 

’ 5. *&c if r c 


-> F 

» Ol 


or 

-V Q. 


Dlf 


*/o £ j£ -4(-r.76 W 6 ) © -8-64-xfo c o 



9 - 0-3-1178 x /o' 3, r*tt 3 


Lcl) 

Fa(AM* x lo 6 )(o-2777& file?*) 

Fk t = * !>* 


Foe- -U-n *lQ C )(o-*777b * (O^) 


<M 

Dcfiecii w isjf poivtl A „ 



-*.Z6> * (>2)0-27770 *lo~ 3 ) 

t O-OS'B Aim 


-*Q 


Proprietary Materia). © 2009 The McGraw-Hill Companies, Inc. All rights reserved. No part of this Manual may be displayed, reproduced, or 
distributed in any form or by any means, without the prior written permission of the publisher, or used beyond the limited distribution to teachers 
and educators permitted by McGraw-Hill tor their individual course preparation. A student using this manual is using it without permission. 


www.elsolucionario.net 



Problem 2.46 



L 



*• 

** 


A 

A 

6 , 

- 

o 

.. V 


D 




Tk 


2.46 The rigid bar ABCD is suspended from four identical wires. Determine the 
tension in each wire caused by the load P shown. 
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Problem 2.47 


2.47 The aluminum shell is fully bonded to the brass core and the assembly is 
unstressed at a temperature of 15 °C. Considering only axial deformations, 
determine the stress in the aluminum when the temperature reaches 195 °C. 
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Problem 2.48 




2.48 Solve Prob. 2.47, assuming that the core is made of steel (E ~ 200 GPa, a = 
11.7 x 10' 6 / o C) instead of brass. 

2.47 The aluminum shell is fully bonded to the brass core and the assembly is 
unstressed at a temperature of 15 °C. Considering only axial deformations, 
determine the stress in the aluminum when the temperature reaches 195 °C. 
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Problem 2.49 


1 2 in 



200 min 


-Sftrt, 0 n s 


in 


1 


2.49 A 1.2-m concrete post is reinforced by four steel bars, each of 
18 mm diameter. Knowing that E s = 200 GPa, a s = 11.7 X 10 _<i /°C and 
E e ~ 25 GPa and a c =■ 9.9 X 10" 6 /°C , determine the normal stresses 
induced in the steel and in the concrete by a temperature rise of 27 'C. 
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Problem 2.51 



2.S1 A rod consisting of two cylindrical portions AB and BC is restrained at both 
ends. Portion vt# is made of steel (E s -- 200 GPa, “ 11.7 x lO*/ a C) and portion 
BC is made of brass (ft* - 105 GPa, «* s 20.9 x 10 6 /°C). Knowing that the rod is 
initially unstressed, determine the compressive force induced in ABC when there is 
a temperature rise of 50°C. 


- 30”mm diameter 


50-mrn diameter 




all - trCio) 1 - lo&.\ 


1 —C. Z. 
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0,25& P 


o.3 oo P 


(?OOy|0 ? K7O<LB£* j<? S ) (1 0£xlD' J )(j.'j6 iS'lo'*) 


- 3. 2Z3S* 10' P 
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Problem 2.52 


' (K)'irmt diameter 


-4()-min diameter 



-aluminum 


2.52 A rod consisting of two cylindrical portions AB and BC. is re¬ 
strained at both ends. Portion AB is made of brass (E b = 105 GPa, 
= 20.9 X 10 6 /°C) and portion BC is made of aluminum {E s 72 GPa. 
<x, — 23.9X 10 6 /°C). Knowing that the rod is initially unstressed, deter¬ 
mine (a) the normal stresses induced in portions AB and BC by a tempera¬ 
ture rise of 42°C, ( b ) the corresponding deflection of point B. 

~ ~ ~ 2.827*4 x lo Wiirv\ * 2-8.27*1x70 ho 

^ r s \(Uoy- ' \. 2JT66 * |0®* I-2SU * loV* 
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_ v P _ ^_ L 3 P _ 

J (/05”>OO*)(2.S274*/Cf 3 ) (72*IQ«XL2SU *|o" a 

Ip = 18.074 2 10'® p 

poi^ 2ev-o nef Sp r Sr 

I 8.0 74^/0^ P = 2.27O5*x/o“ 4 

F * n&.GX XIO ® IV 
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B Am*, 2.8274 * /o' 5 
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= — X l o' 
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- ■‘-■O.-STdO 
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Problem 2,53 



60 nmi diameter 


2.53 Solve Prob. 2.52, assuming that portion AB of the composite rod 
is made of steel and portion BC is made of brass. 

2.52 A tod consisting of two cylindrical portions AB and BC is re¬ 
strained at both ends. Portion AB is made of brass (E h — 105 GPa, 
a h — 20. 9X IQ' 6 /°C) and portion BC is made of aluminum ( E a — 72 GPa, 
a„ = 23. 9X 10 6 /°C). Knowing that the rod is initially unstressed, deter¬ 
mine (a) the normal stresses induced in portions AB and BC by a tempera¬ 
ture rise of 42°C, (/j>) the corresponding deflection of point B. 


- 40 imn diameter 


—- aluminum 


A* s ' ? <^te " 74 v/o 3 
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Problem 2.54 


12-fy) 


2.54 A steel railroad"track'(£, = 200 GPa, «... = I ] .7 X 10” 6 / b C) was 
laid out at a temperature of -1.0°C. Determine the normal stress in the rail 
when the temperature reaches 52°C, assuming that the rails (a) are welded to 
form a continuous track, ( b ) are 12 in long with 6-mm gaps between them. 


Lot(AT)-- — i) => <=>•00144- 


PL _ 




(_Ctl Sc 4 St ~ ^ok/t? 2 *^ + O'Ool 4 - 4 - 


— ■** / Z ^ hA>P ^ 


OoS §p4 § T fO-bolc, bt>K< 6 t% (5 + 0.00744- -o.oo 4 > <5-^ 
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Problem 2.55 



2.55 Two steel bars (E s ~ 200 GPa and 11.7 x 1 0p°C) are used to reinforce a 
brass bar (E b = 105 GPa, at, ~ 20.9 x J 0^/°C) which is subjected to a load P~ 25 
kN. When the steel bars were fabricated, the distance between the centers of the 
holes which were to fit on the pins was made 0.5 mm smaller than the 2 m needed. 
The steel bars were then placed in an oven to increase their length so that they 
would just fit on the pins. Following fabrication, the temperature in the steel bars 
dropped back to room temperature. Determine (a) the increase in temperature that 
was required to fit the steel bars on the pins, ( b ) the stress in the brass bar after the 
load is applied to it. 


(<P RegmVre/t -fe.vn aeroeforc cl)ari<?e 4 of 
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2.55 Coin pnry O&d 
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Problem 2.56 



w 

i' 5 min 


2.56 Determine the maximum load P that may be applied to the brass bar of Prob. 
2.55 if the allowable stress in the steel bars is 30 MPa and the allowable stress in the 
brass bar is 25 MPa. 

2.55 Two steel bars (E s ~ 200 GPa and «, =11.7x1 O^V'C) are used to reinforce a 
brass bar (JE* — 105 GPa, a* = 20.9 x 1 0'V’C) which is subjected to a load P ~ 25 
kN. When the steel bars were fabricated, the distance between the centers of the 
holes which were to fit on the pins was made 0.5 mm smaller than the 2 m needed. 
The steel bars were then placed in an oven to increase their length so that they 
would just fit on the pins. Following fabrication, the temperature in the steel bars 
dropped back to room temperature. Determine (a) the increase in temperature that 
was required to fit the steel bars on the pins, ( h ) the stress in the brass bar after the 
load is applied to it. 
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Problem 2.57 



50 turn 

' r; 10 

□ ._ 37.5 mm 

_37,5 mm 


2.57 An brass link (E h = 105 GPa, a b = 20.9 x H)7°C) and a steel rod (£,= 200 
GPa, a, = 11.7 x 10 V’C) have the dimensions shown at a temperature of 20°C. 
The steel rod is cooled until it fits freely into the link. The temperature of the 
whole assembly is then raised to 45 °C. Determine («) the final stress in the steel 
rod, ( h ) the final length of the steel rod. 
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Problem 2.58 


0.5 mm 



Bronze Aluminum 

A- 1500 mm 2 A = 1800 mm 2 
E ~ 105 OPa E -- 73 GPa 

a = 21.6 X 10 VC a - 23.2 X 10' °/°C 



2.58 Knowing that a 0,5-tmn gap exists when the temperature is 24°C, 
determine (a) the temperature at which the normal stress in the aluminum bar will 
ho equal to - 75 MPa, (h) the corresponding exact length of the aluminum bar. 
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Problem 2.59 


-*j p-350 mm —»- 
a 


•-<150 mm - 


Bronze Aliirniinini 

A -- 1500 mm 2 A = 1800 Him 2 

E m 1.05 Cl Pa E = 73 GPa 

tv = 21.6 X 10“ VC tv = 23.2 X 10 6 /°C 


2.59 Determine (a) the compressive force in the bars shown after a tem¬ 
perature rise of 82°C, (b) the corresponding change in length of the bronze bar 
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Problem 2.60 


0.5 mm 



Aluminum Stainless steel 

A = 2000 mur A - SOO mnr 
K*75GPa E = 190 GPa 

« -- 23 X 10 _( V o C a - 17.3 X 10" VC 


2.60 At room temperature (20°C) a 0.5-mm gap exists between the ends of the rods 
shown. At a later time when the temperature has reached 140°C, determine (a) the 
normal stress in the aluminum rod, (h) the change in length of the aluminum rod, 
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Problem 2.61 


2.61 In a standard tensile test, an aluminum rod of 20-mm diameter is subjected to 
a tension force of P ~ 30 kN. Knowing that v ~ 0.35 and E = 70 GPa, determine 
(a) the elongation of the rod in an 150 inm gage length, (b) the change in diameter 
of the rod. 


^20-nun diameter 


P r ZQa 10 4 M 
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— O.OO'JSS 


Problem 2.62 


2.62 A 20-mm-diameter rod made of an experimental plastic is subjected to a 
tensile force of magnitude P = 6 kN. Knowing that an elongation of 14 mm and a 
decrease in diameter of 0.85 mm are observed in a 150-nnn length, determine the 
modulus of elasticity, the modulus of rigidity and Poisson’s ratio for the material. 
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Problem 2.63 
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2.63 A 2.75 kN tensile load is applied to a test coupon made from 1.6-mm flat steel 
plate (K = 200 GPa, v=0.30). Determine the resulting change (a) in the 50-mm gage 
length, (b) in the width of portion AB of the test coupon, (c) in the thickness of 
portion AB, 0/) in the cross-sectional area of portion AB. 
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Probem 2.64 2.(i4 A 2-m length of an aluminum pipe of240-mm outer diameter and 10-mm waJi 

thickness is used as a short column and carries a centric axial load of 640 IcN. 


fill! kN 



Knowing that E - 73 GPa and 0.33, detenninc (a) the change in length of the 
pipe, (b) the change in its outer diameter, (c) the change in its wall thickness. 
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Problem 2.65 



2.65 The change in diameter of a large steel bolt is carefully measured as the nut 
is tightened. Knowing that E - 200 GPa and v = 0.29, determine the internal 
force in the bolt, if the diameter is observed to decrease by 13 jrm. 
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Problem 2.66 
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2.66 An aluminum plate (i? = 74 GPa and v ~ 0.33) is subjected to a centric axial 
load that causes a normal stress a. Knowing that, before loading, a line of slope 
2:1 is scribed on the plate, determine the slope of the line when a= 125 MPa. 
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Problem 2.67 



38 Him 


2.67 The aluminum rod AD is fitted with a jacket that is used to apply 
a hydrostatic pressure of 42 MPa to the 300-mm portion BC of the rod. Know¬ 
ing that E — 70 OPa and v = 0.36, determine («) the change in the total length 
AD, ( b ) the change in diameter at the middle of the rod. 
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Problem 2.68 


300 nun 5(H) nun 



2.68 For the rod of Prob, 2.67, determine the forces that should be ap¬ 
plied to the ends A and D of the rod (a) if the axial strain in portion BC of the 
rod is to remain zero as the hydrostatic pressure is applied, (/>) if the total length 
AD of the rod is to remain unchanged. 

2.67 The aluminum rod AD is fitted with a jacket that is used to apply 
a hydrostatic pressure of 42 MPa to the 300-mm portion BC of the rod. Know¬ 
ing that E = 70 GPa and v ~ 0.36, determine (a) the change in the total length 
AD, (b) the change in diameter at the middle of the rod. 
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2.69 A fabric used in air-inflated structures is subjected to a biaxial loading that 
results in normal stresses o K = 120 MPa and <r t = 160 MPa. Knowing that the 
properties of the fabric can be approximated as E ~ 87 GPa and v = 0.34. 
determine the change in length of (a) side All, (b) side BC, ( c ) diagonal AC. 
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Problem 2.70 2.70 The block shown is made of a magnesium alloy for which E = 45 GPa and v 

= 0.35. Knowing that a x =180 MPa, determine (a) the magnitude of n y for 
which the change in the height of the block wilt be zero, (A) the corresponding 
change in the area of the face A BCD, (c) the corresponding change in the volume 
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Problem 2.71 



2.71 The homogeneous plate A BCD is subjected to a biaxial loading as shown. It 
is known that a, ~ Oo and that the change in length of the plate in the x direction 
must be zero, that is, e x - 0. Denoting by £ the modulus of elasticity and by v 
Poisson’s ratio, determine (a) the required magnitude of a x , ( b ) the ratio rro / e r . 
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Problem 2.75 



2.75 The plastic block shown is bonded to a fixed base and to a hori¬ 
zontal rigid plate to which a force P is applied. Knowing that for the plastic 
used G = 385 MPa, determine the deflection of the plate when P — 36 kN. 
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Problem 2.76 


2.76 A vibration isolation unit consists of two blocks of hard rubber 
bonded to plate AS and to rigid supports as shown. For the type and grade of 
rubber used r ai | = 1.54 MPa and G — 12.6 MPa. Knowing that a centric 
vertical force of magnitude P — 13 kN must cause a 2,5-mm vertical deflec¬ 
tion of the plate AB, determine the smallest allowable dimensions a and b of 
the block. 
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Problem 2.77 


2.77 The plastic block shown is bonded to a rigid support and to a vertical plate to 
which a 240-kN load P is applied. Knowing that for the plastic used G =• 1050 
MPa, determine the deflection of the plate. 
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2,78 What load P should be applied to the plate of Prob. 2.77 to produce a 1.5- 
mm deflection? 

2.77 I'he plastic block shown is bonded to a rigid support and to a vertical plate to 
which a 240-kN load P is applied. Knowing that for the plastic used G - 1050 
MPa, determine the deflection of the plate. 
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Problem 2.79 



2.79 Two blocks of rubber with a modulus of rigidity G - 12 MPa 
are bonded to rigid supports and to a plate AB. Knowing that c = 100 mm 
and P — 40 kN, determine the smallest allowable dimensions a and h of the 
blocks if the shearing stress in the rubber is not to exceed 1.4 MPa and the de¬ 
flection of the plate is to be at least 5 nun. 
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Problem 2.80 




2.80 Two blocks of rubber with a modulus of rigidity G ~ 10 MPa 
are bonded to rigid supports and to a plate AB. Knowing that b = 200 mm 
and c = 125 mm, determine the largest allowable load P and the smallest al¬ 
lowable thickness a of the blocks if the shearing stress in the rubber is not to 
exceed 1.5 MPa and the deflection of the plate is to be at least 6 mm. 
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Problem 2.81 



*—200 mm—> 





Problem 2.82 


•— 200 mm. 



2.81 An elastomeric bearing (G ~ 0.9 MPa) is used to support a bridge girder as 
shown to provide flexibility during earthquakes. The beam must not displace 
more than 10 rum when a 22-kN lateral load is applied as shown. Knowing that 
the maximum allowable shearing stress is 420 kPa, determine (a) the smallest 
allowable dimension b, (b) the smallest required thickness a. 
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2.82 For the elastomeric bearing in Prob. 2.81 with 6 = 220 mm and a = 30 mm, 
determine the shearing modulus G and the shear stress r for a maximum lateral 
load P = 19 kN and a maximum displacement S — i2 mm. 
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Problem 2.83 


jrW' a. sort'd -sphe-re u 0 - ■$ <* 0 - & 


*2.83 A 150-mm diameter solid steel sphere is lowered into the ocean 
to a point where the pressure is 30 MPa (about 5 kin below the surface). Know¬ 
ing that E - 200 GPa and v = 0.30, determine (a) the decrease in diameter of 
the sphere, ( b ) the decrease in volume of the sphere, (c) the percent increase 
in the density of the sphere. 
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Problem 2.84 


-- 65 iiim 


*2.84 (a) For the axial loading shown, determine the change in height and the 
change in volume of the brass cylinder shown, (b) Solve part a, assuming that the 
loading is hydrostatic with <r x - a y -■ o } - 70 MPa. 
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Problem 2.85 


- 22-inm diameter 


*2.85 Determine the dilatation e and the change in volume of the 200-tnm length 
of the rod shown if (a) the rod is made of steel with E = 200 GPa and v ~ 0.30, (b) 
the rod is made of aluminum with E — 70 GPa and v - 0.35. 
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Problem 2.86 


*2.86 Determine the change in volume of the 50-mm gage length segment AB in< 
Prob. 2.63 (a) by computing the dilatation of the material, ( b ) by subtracting the 
original volume of portion AB from its final volume. 

2.63 A 2.75 kN tensile load is applied to a test coupon made from 1.6-mm flat steel 
plate ( E- 200 GPa, v= 0.30). Determine the resulting change (a) in the 50-mm gage 
length, (A) in the width of portion AB of the test coupon, (c) in the thickness of 
portion AB, (d) in the cross-sectional area of portion AB. 
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Problem 2.87 



*D«4 > 


*2.87 A vibration isolation support consists of a rod A of radius R\ = 10 mm and 
a tube B of inner radius R 7 - 25 mm bonded to an 80-mm-long hollow rubber 
cylinder with a modulus of rigidity G - 12 MPa, Determine the largest allowable 
force P which can Ire applied to rod A if its deflection is not to exceed 2.50 mm. 
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Problem 2.88 


*2.88 A vibration isolation support consists of a rod A of radius R\ and a tube B 
of inner radius R? bonded to a 80-mm-long hollow rubber cylinder with a 
modulus of rigidity O' ~ 10.93 MPa. Determine the required value of the ratio 
Rt/R\ if a 10-kN force P is to cause a 2-mrn deflection of rod A. 
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Problem 2.89 
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Problem 2.90 







*2.90 The composite cube of Prob. 2.89 is constrained against deformation in the 
z direction and elongated in the x direction by 0.035 mm due to a tensile load in 
the x direction. Determine (a) the stresses <r x , a y , and a z , (b) the change in the 
dimension in they direction. 
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Problem 2.91 


*2.91 The material constants E, G, k, and v are related by Eqs. (2.33) and (2.43). 
Show that any one of these constants may be expressed in terms of any other two 
constants. For example, show that (a) k ~ GFA9G - 3E) and ( b ) v ~ (3 k - 2G)!(6k 
+ 2 G). 
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Problem 2.92 


*2.92 Show that for any given material, the ratio G/E of the modulus of rigidity 
over the modulus of elasticity is always less than ~ but more than ~. [Hint: Refer 
to Eq. (2.43) and to Sec. 2.13,] 
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Problem 2.93 


2.93 Knowing that P = 40 kN, determine the maximum stress when 
(a) r — 12 nun, ( b ) r = 15 mm. 
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Problem 2.94 


2.94 Knowing that, for the plate shown, the allowable stress is 110 MPa, 
determine the maximum allowable value of /’ wtien (o) r = 10 mm, (b); — 
18 mm. 
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Problem 2.97 


2.97 A hole is to be drilled in the plate at A. 'Hie diameters of the bits available 
to drill the hole range from 12 to 24 mm in 3-mm increments, (a) Determine the 
diameter d of the largest bit that can be used if the allowable load at the hole is to 
exceed that at the fillets. (!>) If the allowable stress in the plate is 145 MPa, what 
is the corresponding allowable load P? 
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Problem 2.98 


2.98 (a) For P ~ 58 kN and d- 12 min, determine the maximum stress in the plate 
shown. (A) Solve part a, assuming that the hole at A is not drilled. 
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Problem 2.99 


Dimensions in inm 


2.99 The aluminum test specimen shown is subjected to two equal and opposite 
centric axial forces of magnitude P. (a) Knowing that E~ 70 GPa and <r a n = 200 
MPa, determine the maximum allowable value of P and the corresponding total 
elongation of the specimen. ( b ) Solve part a, assuming that the specimen has 
been replaced by an aluminum bar of the same length and a uniform 60 * 15-mm 
rectangular cross section. 
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Problem 2.1 00 


2.100 For the test specimen of Prob. 2.99, determine the maximum value of the 
normal stress corresponding to a total elongation of 0.75 mm. 



2.99 The aluminum test specimen shown is subjected to two equal and opposite 
centric axial forces of magnitude P. (a) Knowing that E~ 70 GPa and cr a ]i - 200 
MPa, determine the maximum allowable value of P and the corresponding total 
elongation of the specimen. ( b ) Solve part o, assuming that the specimen has 
been replaced by an aluminum bar of the same length and a uniform 60 * 15-mm 
rectangular cross section. 
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Problem 2.101 



2.101 Rod AB is made of a mild steel that is assumed to be elastoplastic with E - 
200 GPa and a t = 345 MPa. After the rod has been attached to the rigid lever CD, 
it is found that end C is 6 mm too high. A vertical force Q is then applied at C until 
this point has moved to position C / . Determine die required magnitude of Q and the 
deflection <5, if the lever is to snap back to a horizontal position after Q is removed. 
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Problem 2.102 



2.102 Solve Prob. 2. 101, assuming that the yield point of the mild steel is 250 MPa. 

2.101 Rod AB is made of a mild steel that is assumed to be elastoplastic with E- 
200 GPa and a y ~ 345 MPa. After the rod has been attached to the rigid lever CD, 
it is found that end C is 6 mm too high. A vertical force Q is then applied at (7 until 
this point has moved to position C", Determine the required magnitude of Q and the 
deflection <5, if the lever is to snap back to a horizontal position after Q is removed. 
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Problem 2.103 


2.103 The 30-mm square bar AB has a length L = 2.2 m; it is made of a mild steel 
that is assumed to be elastoplastic with E — 200 GPa and try ~ 345 MPa. A force 
P is applied to the bar until end A has moved down by an amount <5 m . Determine 
the maximum value of the force P and the permanent set of the bar after the force 
has been removed, knowing that (a) S m ~ 4.5 mm. ( h ) 3 m = 8 mm. 
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Problem 2.104 


2.104 The 30-mm square bar AB has a length L ~ 2.5 m; it is made of mild steel 
that is assumed to be elastoplastic with E = 200 GPa and cry = 345 MPa. A force 
,P is applied to the bar and then removed to give it a permanent set S p . 
Determine the maximum value of the force P and the maximum amount S m by 
which the bar should be stretched if the desired value of 5 P is (a) 3.5 mm, ( b ) 6.5 
mm. 
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Problem 2.107 



2.107 Rod AB consists of two cylindrical portions AC and BC, each with a 
cross-sectional area of 1750 mm 2 . Portion AC is made of a mild steel with E - 
200 GPa and try = 250 MPa, and portion CB is made of a high-strength steel with 
E ~ 200 GPa and try = 345 MPa. A load P is applied at C as shown. Assuming 
both steels to be elastoplastic, determine (a) the maximum deflection of C if /' is 
gradually increased from zero to 975 kN and then reduced back to zero, ( b ) the 
maximum stress in each portion of the rod, (c) the permanent deflection of C. 
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Problem 2.108 



2.108 For the composite rod of Prob. 2.107, if P is gradually increased from zero 
until the deflection of point C reaches a maximum value of - 0.03 mm and 
then decreased back to zero, determine, (a) the maximum value of P, (A) the 
maximum stress in each portion of the rod, (c) the permanent deflection of C after 
the load is removed. 

2.J07 Rod AB consists of two cylindrical portions AC and BC, each with a 
cross-sectional area of 1750 mm 2 . Portion AC is made of a mild steel with E - 
200 GPa and ay = 250 MPa, and portion CB is made of a high-strength steel with 
E ~ 200 GPa and ay - 345 MPa. A load P is applied at C as shown. Assuming 
both steels to be elastopfastic, determine (a) tire maximum deflection of C if P is 
gradually increased from zero to 975 kN and then reduced back to zero, (A) the 
maximum stress in each portion of the rod, (c) the permanent deflection of C. 
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Problem 2.109 



2.109 Each cable has a cross-sectional area of 100 mm 2 and is made of an 
elastoplastic material for which ay — 345 MPa and E ~ 200 GPa. A force Q is 
applied at C to the rigid bar ARC' and is gradually increased from 0 to 50 kN and 
then reduced to zero. Knowing that the cables were initially taut, determine (a) 
the maximum stress that occurs in cable BD, ( b ) the maximum deflection of point 
C, (c) the final displacement of point C. (Him: In part c, cable CE is not taut.) 
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Problem 2.110 



—.1 in ——i in —»-| 


2.110 Solve Prob. 2.109, assuming that the cables are replaced by rods of the 
same cross-sectional area and material. Further assume that the rods arc braced 
so that they can carry compressive forces. 

2.109 Each cable has a cross-sectional area of 100 mm 3 and is made of an 
elastoplastic material for which oy = 345 MPa and E ~ 200 GPa. A force Q is 
applied at C to the rigid bar ABC and is gradually increased from 0 to 50 kN and 
then reduced to zero. Knowing that the cables were initially taut, determine (a) 
the maximum stress that occurs in cable BD, ( h ) the maximum deflection of point 
C, {c ) the final displacement of point C. (Hint: In part c, cable CE is not taut.) 
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Problem 2.111 


4.76 mm 

iX' ^-4.7fintm 
12.5 mill 


355 mm 



2.111 Two tempered-steel bars, each 4.76 mm thick, are bonded to a 
12.5-mm mild-steel bar. This composite bar is subjected as shown to a cen¬ 
tric axial load of magnitude P. Both steels are elastoplastic with /t ~ 2(H) 
GPa and with yield strengths equal to 690 MPa and 345 MPa, respectively, 
for the tempered and mild steel. The load P is gradually increased from zero 
until the deformation of the bar reaches a maximum value 8 m = 1.016 mm 
and then decreased back to zero. Determine (a) the maximum value of P, ( b ) 
the maximum stress in the tempered-steel bars, (c) the permanent set after 
the load is removed. 
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Problem 2.112 2.112 For the composite bar of Prob. 2.1 1 1, if P is gradually increased 

from zero to 436 kN and then decreased back to zero, determine (a) the max¬ 
imum deformation of the bar, ( b ) the maximum stress in the tempered-steel 
bars, (c) the permanent set after the load is removed. 

I P 2.111 Two tempered-steel bars, each 4.76 mm thick, are bonded to a 

X'-J 12.5-mm mild-steel bar. This composite bar is subjected as shown to a cen- 

|g trie axial load of magnitude P. Both steels are elastoplastic with E ~ 200 

.n. GPa and with yield strengths equal to 690 MPa and 345 MPa, respectively, 

PI 7,j§i """ 4 76 nml for the tempered and mild steel. The load P is gradually increased from zero 

I until the deformation of the bar reaches a maximum value 5 m — 1.016 mm 

: 12.5 mm and then decreased back to zero. Determine (a) the maximum value of P, (/>) 

the maximum stress in the tempered-steel bars, (t) the permanent set after 

■ I the load is removed. 
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Problem 2.113 2,113 The rigid bar ABC is supported by two links, AD and BE, of uniform 37.5 x 

6-mm rectangular cross section and made of a mild steel that is assumed to be 
elasioplasttc with E *= 200 GPa and tty = 250 MPa. The magnitude of the force 
Q applied at B is gradually increased from zero to 260 kN. Knowing that a = 
0.640 m, determine (a) the value of the normal stress in each link, (6) the 
- ~WT~ maximum dellection of point B. 
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ig Problem 2.114 


i - r 

7 m 

1. m ^ 
I Fr. 


2.114 Solve Prob. 2.113, knowing (hat a = 1.76 m and that the magnitude of the 
force Q applied at B is gradually increased from zero to 135 kN. 

2.113 The rigid bar ABC is supported by two links, AD and BE, of uniform 37.5 x 
6-mm rectangular cross section and made of a mild steel that is assumed to be 
elastoplastic with E = 200 GPa and ay - 250 MPa. The magnitude of the force 
Q applied at B is gradually increased from zero to 260 kN. Knowing that a = 
0.640 m, determine ( a ) the value of the normal stress in eaeh link, (6) the 
maximum deflection of point B. 
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Problem 2.115 



*2.115 Solve Prob. 2.113, assuming that the magnitude of the force Q applied at 
B is gradually increased from zero to 260 kN and then decreased back to zero. 
Knowing that a ~ 0.640 m, determine (a) the residual stress in each link, (b) the 
final deflection of point B. Assume that the links are braced so that they can 
cany compressive forces without buckling. 

2.113 The rigid bar ABC is supported by two links, AD and BE, of uniform 37.5 x 
6-mm rectangular cross section and made of a mild steel that is assumed to be 
elastoplastic with E = 200 GPa and oy = 250 MPa. The magnitude of the force 
Q applied at B is gradually increased from zero to 260 kN. Knowing that a = 
0.640 m, determine (a) the value of the normal stress in each link, (b) the 
maximum deflection of point B. 
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Problem 2.116 



2.116 A uniform steel rod of cross-sectional area A is attached to rigid 
supports and is unstressed at a temperature of 7°C. The steel is assumed 
to be elastoplastie with o r r = 250 MPa and E = 200GPa. Knowing that 
a = 11.7 X 10 6 /°C, determine the stress in the bar (a) when the temper¬ 
ature is raised to 160°C, (b) after the temperature has returned to 7°C. 
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Problem 2.117 


A = 500 mm 2 


A-- 300 mm 3 



2.117 The steel rod ABC is attached to rigid supports and is unstressed at a 
temperature of 25°C. The steel is assumed elastoplastic, with E - 200 GPa and 
err =* 250 MPa. The temperature of both portions of the rod is then raised to 150 
°C. Knowing that d- 11.7 x 10 'V°C, determine (a) the stress in both portions 
of the rod, (h) the deflection of point C. 
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Problem 2.118 


'A SOO linn 2 


A 300 mm 2 



150 mm —>-!■<- -250 mm 


*2.118 Solve Prob. 2.117, assuming that the temperature of the rod is raised to 
150 °€ find then returned to 25 °C. 

2.117 The steel rod ABC is attached to rigid supports and is unstressed at a 
temperature of 25 °C. The steel is assumed elastoplastic, with E = 200 GPa and 
oy ~ 250 MPa. The temperature of both portions of the rod is then raised to 150 
°C. Knowing that a - 11.7 x lOV'C, determine (a) the stress in both portions 
of the rod, (b) the deflection of point C. 
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Problem 2.119 



*2.119 Bar AH has a cross-sectional area of 1200 mm 2 and is made of a steel that 
is assumed to be elastoplastic with E - 200 GPa and ay - 250 MPa. Knowing 
that the force F increases from 0 to 520 kN and then decreases to zero, determine 
(a) the permanent deflection of point C, ( b ) the residual stress in the bar. 
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Problem 2.120 


*2.120 Solve Prob. 2.119, assuming that a = 180 mm. 



*2.119 Bar AH has a cross-sectional area of 1200 mm 2 and is made of a steel that 
is assumed to be elastoplastic with E - 200 GPa and cry = 250 MPa. Knowing 
that the force F increases from 0 to 520 kN and then decreases to zero, detennine 
(<i) the permanent deflection of point C, ( b) the residual stress in the bar. 
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Problem 2 121 *2.121 For the composite bar of Prob. 2.111, determine the residua! 

stresses in the tempered-steel bars if P is gradually increased from zero to 436 
kN arid then decreased back to zero. 
iP' 

I 2.111 Two tempered-steel bars, each 4.76 mm thick, are bonded to a 

j- .J. ^ 12.5-tnm mild-steel bar. This composite bar is subjected as shown to a cen- 

§ILn trie axial load of magnitude P. Both steels arc elastoplastic with E ~ 200 

' 4.76 mm GPa and with yield strengths equal lo 690 MPa and 345 MPa, respectively, 

4.76 min for the tempered and mild steel. The load P is gradually increased from zero 

: ^ P~~■' until the deformation of the bar reaches a maximum value = 1.016 mm 

F j l “' 5 n,m and then decreased hack to zero. Determine (n) the maximum value of P, (b) 

amm |™ | the max j mum stress in the tempered-steel bars, (c) the permanent set after 

glgfll J the load is removed. 
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Problem 2.122 


355 mm 



4.76» 


*2.122 For the composite bar in Prob. 2.1 H, determine the residual 
stresses in the ternpered-steei bars if P is gradually increased from zero until 
the deformation of the bar reaches a maximum value <5 m = 10 mm and is then 
decreased back to zero, 

2.111 Two tempered-steel bars, each 4.76 mm thick, are bonded to a 
12.5-mm mild-steel bar. This composite bar is subjected as shown to a cen¬ 
tric axial load of magnitude P. Both steels are elastoplastie with E = 200 
GPa and with yield strengths equal to 690 MPa and 345 MPa, respectively, 
for the tempered and mild steel. The load P is gradually increased from zero 
until the deformation of the bar reaches a maximum value 8 m ~ 1.016 mm 
and then decreased back to zero. Determine (a) the maximum value of P, (b) 
the maximum stress in the tempered-steel bars, (c) the permanent set after 
die load is removed. 
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Problem 2,123 



*2.123 A narrow bar of aluminum is bonded to the side of a thick steel 
plate as shown. Initially, at 7', ~ 2l°C, all stresses are zero. Knowing that the 
temperature will be slowly raised to T 2 and then reduced to T, } determine (a) the 
highest temperature T 2 that does not result in residual stresses, (b) the temper¬ 
ature T 2 that will result in a residual stress in the aluminum equal to 400 MPa. 
Assume a a — 23 X for the aluminum and a, — 11.7 X It) 6 /°C for 

the steel. Further assume that the aluminum is elastoplastic, with E — 75 GPa and 
ay = 400 MPa. (Hint: Neglect the small stresses in the plate.) 
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Problem 2.124 


2.124 The aluminum rod ABC (E = 70 GPa), which consists of two 
cylindrical portions AB and BC, is to be replaced with a cylindrical steel rod 
DE (E — 200 GPa) of the same overall length. Determine the minimum re¬ 
quired diameter d of the steel rod if its vertical deformation is not to exceed 
the deformation of the aluminum rod under the same load and if the allowable 
stress in the steel rod is not to exceed 165 MPa. 


rov'rn <x.Tt ov\ d 


ti 


Hmvin /o< 


s* - 


hot ft 3 


PU 

h^E 


_ __ / ^ 

7 o w 1 t 1 ^. 058)> J =o.« 83 «r'cr-». 

Sf e-e^ yoj s = Of 6# 2 * (o\. 

A a PL- - 0/OYIo)(°'lS) _ / > z 

“ r- c a -> — bo^f- X10 /vt 

ES (xoo X(0*)(0‘t,8zno 3 ) 


_£ / Am 


O’ 45 


+ A^i ) 

Ate. 


cr_ _EL . a _ P _ Homo* _ . a- 

RecjOii^ecsP cur« t s. -Mbt A - 0* &6>7Xf 

of - -J~~- - X( o ) — 0 »oZ.^ M ~ 2^ inm 


-7-0° kblXlb ^ 


A &67 x/o 5 m*” 


Proprietary Material. © 2009 The McGraw-Hill Companies, Inc. All rights reserved. No part of this Manual may be displayed, reproduced, or 
distributed in any form or by any means, without the prior written permission of the publisher, or used beyond the limited distribution to teachers 
and educators permitted by McGraw-Hill for their individual course preparation. A student using this manual is using it without permission. 


www.elsolucionario.net 




Problem 2,125 



2,125 The brass strip AB has been attached to a fixed support at A and rests on a 
rough support at B. Knowing that the coefficient of friction is 0.60 between the strip 
and the support at B, determine the decrease in temperature for which slipping will 
impend. Brass strip . 

K — 105 O Pa J no kg 

« = 20 x 10-VC -10 mm / 
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Problem 2.126 



1 — 75 mm 


2.126 Two solid cylindrical rods are joined at B and loaded as shown. 
Rod AB is made of steel (E ~ 200 GPa), and rod BC of brass (E = 105 GPa), 
Determine (a) the total deformation of the composite rod ABC, (h) the deflec¬ 
tion of point B. 
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Problem 2.127 



2.127 Link BD is made of brass (E = 105 GPa) and has a cross-sectional 
area of 250 mm 2 . Link CE is made of aluminum (E ~ 72 GPa) and has a cross- 
sectional area of 450 min 2 . Determine the maximum force P that can be 
applied vertically at point A if the deflection of A is not to exceed 0.35 mm. 
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Problem 2.128 
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2.128 A 250-mm-long aluminum tube (E - 70 GPa) of 36-mm outer diameter and 
28-rnm inner diameter may be closed at both ends by means of single-threaded 
screw-on covers of i .5-min pitch. With one cover screwed on tight, a solid brass 
rod (E - 105 GPa) of 25-mm diameter is placed inside the tube and the second 
cover is screwed on. Since the rod is slightly longer than the tube, it is observed 
that the cover must be forced against the rod by rotating it one-quarter of a turn 
before it can be tightly closed. Determine (a) the average normal stress in the 
tube and in the rod, {!>) the deformations of the tube and of the rod. 
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Problem 2.130 


200 mm fey 

} -— He 

250 mm 

I .. ___ 


300 mm 300 mm 300 mm 


e 8* 


5 s s. 


2.130 The rigid bar AD is supported by two steel wires of 1.5 mm 
diameter (E = 200 GPa) and a pin and bracket at D. Knowing that the wires 
were initially taut, determine (a) the additional tension in each wire when a 
900 N load P is applied at D, ( h ) the corresponding deflection of point D. 


Ltd" 0 be "Ht-e V'of ov\ of AECO 

TU^v $ e - 0-3> © 

§ c ~ O' (y 0 

' Ae”“ 

o - £"A Sse- - (0*38^ 


ee p 


o ■» zS 



= 4M-II&& 


few i-Cp 


9 _ I CF *-CF 

C. ~ £T 

P - _£A§s* - (p^f ) 

i f C i 




4li 2S1 0* 


Osttn^ fir.ee ABCD 

t> XM* -O O’^P&E +*<?* -o« 1.P = o 

0424- US £) + ^.4)^4-712-^ ^ - O 

S\o 

© a vW 

CcO Pee “ f 4 m- ns ) ( t**n 4k (o“ 3 ) = 928 N, 

P CF = ( 411 C 1*^1 1> *lo“*) a 13iM. 

(b\ S 0 ?(>.*) o - (0'*l)(i' c ^6xlo 3, ) ^ M5v(o" J h 

«e 

s: \'~1 & iv. w* 
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Problem 2.131 


2.131 The concrete post (E c = 25 GPa and ci e = 9.9 x 10' 6 /°C) is reinforced with six 
steel bars, each of 22-mm diameter (E, - 200 GPa and a, = 11.7 x I0 4 /°C). 
Determine the normal stresses induced in the steel and in the concrete by a 
temperature rise of 35 °C. 


- 6 Jsf * 7. 1X02*10*^2 2.V/O * »h 

A c - Xto* - - A s - Vio'- l.l$oS«{cr' - SS.ZZxic? 

= ,56“. 32 xio' 3, 

Let V c ~ fewSi'i^e 4Wce PopeJ' i^> -j'Fe cawcw.'Jt, 

Fexr k r< t/wo um 44 zero 4t>^^ 

OOMpresS/ t/e Po/'C’S ixi -fke Sty crf^A' 1 foPs Pc. 

_ Fc .j / A -t"* \ _ IP . J / A \ 



i*o*5 : 

H a/F eJw n n 
\! 


° 4(AT<) -» 


& ^ Ar + ^(AT'i 


Sc - % 


4 + <(Arw ‘^ +04(4r) 


(e,U„ + H 5 < & •' ) 

1 i 

(ZSxiO'* Xss.SXxtcr 3 ) + (iiooxiD'O (?. 2&>&*tcr *'iJ )(3sG 


P c = 2 1.61 xio H 

fr _ R, 2l.6ty.i0 3 

c ' A, '5S32*icr^ 


0.391’ Pa, 


cr* _ _ 4c_ - __2 l.6.i v |o _ c? cs-? v 
^ ‘ Ac 2.7t>0» y(0' s -1.97 x/o T 4. 


0.391 HRa. 


9-97 MPec 
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Problem 2.132 


) mm ' j'"y 


100 mm 

-y 




2.132 A vibration isolation unit consists of two blocks of hard rubber with 
a modulus of rigidity G = 19 MPa bonded to a plate AB and to rigid supports 
as shown. Denoting by P the magnitude of the force applied to the plate and 
by 8 the corresponding deflection, determine the effective spring constant, 
k = P/S, of the system. 


SheeoKrvs. vc T* - TT 


s4iress 


Fcnrc* 


x - GT * 


i P - A * = 

, _ 2G-A% 


Y 


i i 


S.rt/’lV'M C.Oy\srfdi.yf 

k -£ . l&A 

K ' § Vr 

O c.\<x ,* Gr ~ /*? bA P<K 

p\ ~ ( 0*JS )(o> l) s a » 0 (S 

K ~ 3e> b*- 

1. „ )(0*O/&) „ \G M t L 


Problem 2.133 


2.133 Knowing that 9^1 = 120 MPa, determine the maximum allowable value of the 
centric axial load P. 


lOOuimJgp 






A+ A f v*- 4 Cup) - ID 

d =- D - Zy - |OC2 - £0 ~ SO «''*<• 

A m+ - dt - (Bo)(ts) - noo «« v - \.2o*. to~* V-F 


r _ jo_ 

6 ~ SO 


- 0, \2S 


Fig. ;7.6H aj k- 2.6^ 




1 — A^-f fy 
K 


L2p x|0- 3 )(12ox/o 6 ) 
ZCS 


SH.S«tc? fj 


A+ ^ S : V s - i (so) * jr 100 -so r s-o ^ 

A nt+ - (so)its') = 7 s o rv,^ - 7So */c5 c vS~ J $ r If “ 0* SO u K- 2- 


T o* to'* ){i 3.0 WQ c ) 
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Problem 2.134 


n 



2.134 Rod All consists of two cylindrical portions AC and F1C, each with a 
cross-sectional area of 2950 mm 2 . Portion AC is made of a mild steel with E = 
200 GPaand a Y = 250 MPa, and portion CB is made of a high-strength steel with 
E - 200 GPa and ay - 345 MPa. A load P is applied at C as shown. Assuming 
both steels to be elastoplastic, determine (a) the maximum deflection of C if P is 
gradually increased front zero to 1625 kN mid then reduced back to zero, ( b ) the 
permanent deflection of C. 


oaf C h ® of A G 

c ~ i p „ <5^ Ac _ (0. Z ZoYtSoxio*) 

1* •*> Ac. Ac i— <i 


Zoo *1 O'* 
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Problem 2.135 


h- L 

SB 


2.135 The uniform rod BC has a cross-sectional area A and is made of a mild steel 
which can be assumed to be elastoplnstie with a modulus of elasticity E and a 
yield strength <r y Using the block-and-spring system shown, it is desired to 
simulate the deflection of end C of the rod as the axial force P is gradually applied 
and removed, that is, the deflection of points C and C' should be the same for all 
values of Denoting by ft the coefficient of friction between the block and the 
horizontal surface, derive an expression for (a) the required mass m of the block, 
(b) the required constant k of the spring. 
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2.C1 A rod consisting of n elements, each of which is homogeneous and of 
uniform cross section, is subjected to the loading shown. The length of element 
/' is denoted by Li, its cross-sectional area by A t , modulus of elasticity by E t , and 
the load applied to its right end by P„ the magnitude P t of this load being 
assumed to be positive if P, is directed to the right and negative otherwise, (a) 
Write a computer program that can be used to determine the average normal 
stress in each element, the deformation of each element, trnd the total 
deformation of the rod. (b) Use this program to solve Probs. 2.20 and 2.126. 

SOLUTION 

FOR EACH EL£hEMT ) £NtE£ 

Li j A o ^i 

COMPUTE DEFOFMAT !Oh) 

UPPATE AXIAL LOAb P = p + P t ‘ 
COMPUTE FOR EACH ELEMENT 

<Ti - P/A L 

C = PLi/*iEi 

TOTAL DEFORMATIONi 

UPPATB JHR0U6H n ELEMENTS 

PROGRAM OUTPUT 

Problem 2.20 

Element Stress (MPa) Deformation (mm) 

1 19.0986 .1091 

2 -12.7324 -.0909 

Total Deformation = .0182 mm 

Problem 2.126 

Element Stress (MPa) Deformation (mm) 

1 90.6775 0.4534 

2 -19.9095 0.1422 

Total Deformation = 0.3112 
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PROBLEM 2.CI 

✓ Element n Element 1 





PROBLEM 2.C2 


Element n Element 1 



2.C2 Rod AB is horizontal with both ends fixed; it consists of n elements, each 
of which is homogeneous and of uniform cross section, and is subjected to the 
loading shown. The length of element / is denoted by L h its cross-sectional area 
by A „ its modulus of elasticity by E,, and the load applied to its right end by 
P„ the magnitude P, of this load being assumed to be positive if P, is directed to 
the right and negative otherwise. (Note that Pi = 0.) (a) Write a computer 
program which can be used to determine the reactions at A and B, the average 
normal stress in each element, and the deformation of each element. (6) Use 
this program to solve Probs. 2.41 and 2.42. 

SOLUTION 

w E CONSIDER THP Rf AC TION AT B REDUNDANT 
AND RELEASE THE ROD AT 5 

CO MPOTE f B WITH R & - 0 

For each element ) enter, 

i~i j ) E; 

UPDATE AXIAL LQA» 

P - P t Pi 

COMPUTE FOP EACH ELEMENT 
<r ( = p/A i 
f; = PLi/TiE; 

{Jp A ATE TOTAL DEFORMATION 

COMPUTE DUE TO UNIT LOAD AT B 

(JA/IT g~- = 1/ Ac 
UNIT f ( = Li/AlEc 
UPDATE TOrfiL UNIT DEFORMATION 
UNIT <f g ~ UNIT +■ UNIT 

SUPERPOSITION 

FOR TOTAL DISPLACEMENT AT B ~ ZERO 
r$ 5 1 UNir ' J B ° 

SOLVING'- 

/*„ = - f B / M,T 4 

TH bn: 

Rfi = £ p i 1- R b 


CONTINUED 
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PROBLEM 2.C2 CONTINUED 


for f A c/i element 

U~ = CT- t un n (T { - 

£ ^ S- L -h uni i f; 

PROGRAM OUTPUT 


Problem 2.41 

RA = -62.809 kN 

RB = -37.191 kN 

Element Stress (MPa) Deformation (mm) 

1 -52.615 -.05011 

2 3.974 .00378 

3 2.235 .00134 

4 49.982 .04498 

Problem 2.42 

RA = -45.479 kN 

RB = -54.521 kN 

Element Stress (MPa) Deformation (mm) 

1 -77.131 -.03857 

2 -20.542 -.01027 

3 -11.555 -.01321 

4 36.191 .06204 
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2.0 Rod AB consists of n elements, each of which is homogeneous and of 
unifotm cross section. Bnd A is fixed, while initially there is a gap 80 between 
end B and the fixed vertical surface on the right. The length of element i is 
denoted by L h its cross-sectional area by A„ its modulus of elasticity by and 
its coefficient of thermal expansion by a,. After the temperature of the rod has 
been increased by AT, the gap at B is closed and the vertical surfaces exert 
equal and opposite forces on the rod. («) Write a computer program which can 
be used to determine the magnitude of the reactions at A and B, the normal 
stress in each element, and the deformation of each element. (8) Use this 
program to solve Probs. 2.51,2.59, and 2.60. 

SOLUTION 

WE COMPUTE THE VNpLACEMPNTS AT B 
AS SUMlA/6 THTRE IS NO SUPPORT AT B .* 

ENTER L,•)/»£, ET 

jE/VT BR TEMPERATURE CHANCE J 

COMPUTE pop EACH ELEMEN T 

S L = <X( L( T 

UPDATE total PE FORMATION 

S b +■ h 

Compute due t o unit loao a t b 

LIMIT f { - Li/AcE{ 

UPDATE TOTAL UNIT DEFORMATION 

UNIT f B = UNIT f B + UNIT 

COMPUTE REACTIONS 

FROM 5UPt:rp-)>’TI6l/ 

f> B - (4 - C V uw,r Ft 

tHem 
%A = 

FOR EACH ELEMEN T 
CF-— R b /A[ 


CONTINUED 


PROBLEM 2.C3 



Fig. P2.C3 
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PROBLEM 2.C3 CONTINUED 


PRO6RDM OUTPUT 


Problem 2.51 
R - 125.628 kN 

Element Stress (MPa) Deform.(microm) 

1 -44.432 .500 

2 -99.972 -.500 

Problem 2.59 
R = 172.835 kN 

Element Stress (MPa) Deform.(mm) 

1 -115.223 0.236 

2 -96.019 0.24 

Problem 2.60 
R - 232.390 kN 

Element Stress (MPa) Deform.(microm) 

1 -116.195 363.220 

2 -290.487 136.780 
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PROBLEM 2.C4 




--.A,, K (rr,!| 


\ "-4K \ 

X % (cry), Mate 




2.C4 Bar /ffl has a length L and is made of two different materials of given 
cross-sectional area, modulus of elasticity, and yield strength. The bar is 
subjected as shown to a load P which is gradually increased from zero until the 
deformation of the bar has reached a maximum value S m and then 
decreased back to zero, (a) Write a computer program which, for each of 25 
values of S m equally spaced over a range extending from 0 to a value equal to 
120% of the deformation causing both materials to yield, can be used to 
determine the maximum value P m of tire load, the maximum normal stress in 
each material, the permanent deformation S p of the bar, and the residual stress 
in each material. ( b ) Use this program to solve Probs. 2.111, and 2.112. 


SOLUTION 

VOT£ : THE FOLLOW)N6 ASSUMES (<r y ) } < (V^ 
pISPLKCEM ENT 1NCREMEN1 

<f m = 0 .or(a- y \L/E z 

frl5PLfi<CFM£F7$ at yielding 

^ = F), l/ e ' X K) 2 l A* 

FOR EAcF DISPLACEMENT 

fF ■< ^ • 

O'f - Sm 

<r 2 » T„ 

P„* (f„/L)(fi,E,-tA 2 e,) 

I F ^ fin ^ » 

<r, = (<r r ), 

<r 2 - E Z F 
P m = A,cr, i- 
IF 4 m Pb • 

<r 2 =('<r Y ) 2 
P„ = A, ft, + a 2 r 2 

p g RM AbJ PEPORMAVOFS , RFSipVAL SJRdSSS j 

SLOPE OF FIRS1 (ELfiSllc) $£<!M£N7 
SLOPE = (A,E, iA-tEz )/L 

Sp* S^~ (P»/$ LOp £ ) 

(<r t )w - or ~(E,rm/U store)) 

(<r, ),.. = T t -M/(Lilon)) 



CONTINUED 
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PROBLEM 2.C4 CONTINUED 

PRO'6'R'AM' OUTPUT 



Problems 

2.109 and 2. 

110 





J>M 

hr* nr, 

PM 

kH 

S/&M Cl) 
MPn, 

S-i£>MCZ) 

tfp« 

X>P 
m 6) 

Si 6 AO) 
mPa 

St GPU) 
Mfk. 


0 

0 

O 

0 

0 

o 

o 


o-H# 


7c>7>oa fl 

>£>7x600 

0 

0 

o 


*' 7n 

43 k* 000 

iCf^OOC 

441.-0.2 

0‘ / 0(f 

-44.£42 


< Pi, no 

/ \ o / 4, 


y 4-T- Co o 

sil< tfx 

O'lTr 7 

-ip.sio 


4 Pi-io^ 

h 47 1 

tsb'000 

?>i+S^06 0 

7 OQ'OOO 

0. 

•7-rf* 24£ 




Proprietary Material, C) 2009 The McGraw-Hill Companies, Inc, All rights reserved. No part of this Manual may be displayed, reproduced, or 
distributed in any form or by any means, without the prior written permission of the publisher, or used beyond the limited distribution to teachers 
and educators permitted by McGraw-Hill for their individual course preparation. A student using this manual is using it without permission. 


www.elsolucionario.net 





PROBLEM 2.C5 



2«C5 The plate has a hole centered across the width. The stress con¬ 
centration factor for « flat bar tinder axial loading with a centric hole is: 

* - mo -1.13(1)1.53(1)’ 

where r is the radius of the hole and D is the width of the bar. Write a com¬ 
puter program to determine the allowable load P for the given values of r, I), 
the thickness f of the bar, and the allowable stress <r all of the material. Know¬ 
ing that r — 6 mm, D - 75 mm and <r a „ - 110 MPa, determine the allowable 
load P for values of t from 3 nun to 18 111111 , using 3 mm increments. 

SOLUTION 

EMT E K 

r, Q) f ) 

COMPUTE K 
RD - 2.0 r/D 

k ^ 3.00-3.13 RDt 3.66 RP*-/, <T3 RJ} 3 
COMPUTE AVERAGE STRESS 

'Cst./K 


AUOWA01E LOAD 



PROGRAM OUTPUT 


Radius Allowable Load 
(ram) (3tN) 


3 16.405 
6 16.023 
9 15.368 
12 14.391 
15 13.165 
18 11.721 
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2.C6 A solid truncated cone is subjected to an axia! force P as shown. The 
exact elongation is (PL)/(2nT E). By replacing the cone by n circular cylinders 
of equal thickness, write a computer program that can be used to calculate the 
elongation of the truncated cone. What is the percentage error in the answer 
obtained from the program using (a) n - 6, (b) n- 12, (c) n = 6 0. 


SOLUTION 

FOR L ~ I TO n l 

Li * (H- 0 .s)( L/n) 

r ( - = 2c - c ( Li/L) 

/AREA: 

A = ir r- 2 - 

DISPLACE^ E tlT ; 

fr Ft P(L/n)/(A £) 

EXACT DISPLACEMENT: 

/A = P///2.07rc 2 E) 

0 EXACT < 

PERCENTAGE ERROR: 

PSKcem = /oo f <f- f fIACT )/4 mct 

PROGRAM OUTPUT 


n 

Approximate 

Exact 

Percent 

6 

0.15852 

0.15915 

-.40083 

12 

0.15899 

0.15915 

-.10100 

60 

0.15915 

0.15915 

-.00405 
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PROBLEM 2.C6 
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Chapter 3 
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Problem 3.1 


3.1 For the cylindrical shaft shown, determine the maximum shearing stress 
caused by a torque of magnitude T~ 1.5 kN • m. 



It ~ * 


VC\0£oo'} 
t (o.cmy 3 






- S?.l MPa, -«3 


Problem 3.2 


3.2 Determine the torque T that causes a maximum shearing stress of 80 MPa in 
the steel cylindrical shaft shown. 





T.I.I 
U - a C 


T - 


Hr 3 '-' 

% Lrntutt 


~ X / n r\ o -A 3 


( 0 . 02 a.) ( 80 */o tN > 


- I 338 . I hi- w, 


T- i^.SkW-»v? 


Problem 3.3 


3.3 Knowing that the interna! diameter of the hollow shaft shown is 
d ~ 22 nun, determine the maximum shearing stress caused by a torque of 
magnitude T = 900 N • m. 




C z = * 20 *' n C*-<»oz.k 

C, ~ -kA ~ ("j[)(2 z)-// hnm 

J - t (tf - C V H ) - f (20 - //" ) = tlliitf fMrP 

? = Jc , ^ A7/P . 

vT tzezzixto-'* 780 M ™ 
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Problem 3.4 



3.4 Knowing (hat d = 30 mm, determine (lie torque T that causes a max 
iinum shearing stress of 52 MPa in the hollow shaft shown. 


= ^ = ( ~ 2° fr,/M C - o<02 m 

Ct - i;J, « (4r}(*0 ) = /? aiaj 


J = tw- 

r ~ JEc. 



c,*) - t( 2 ° v “ /5 ' v ) r hisot w* 


(/7i8c(>XfO Z )(£zx/o 6 ) 

O '02 


/t-4-6‘7 Nto 


-*S 


Problem 3.5 


3.5 (a) Determine the torque that can be applied to a solid shaft of 20-mm 
diameter without exceeding an allowable shearing stress of 80 MPa. (SO Solve 
part a, assuming that the solid shaft has been replaced by a hollow shaft of the 
same cross-sectional area and with an inner diameter equal to half of its own outer 
diameter. 


(Cl) Soil'd sk*ff l 



c 


c s j[ d » ^( 0 . 020 ^ - O.OlO m 
f <o.ioV ® IS’. lo$& xto"^ m * 1 
, q&.7gao>,i = l3S .(ti 


T- 12 5'.-? 


MoKJtot** S«m« etv*A. aa soi*wd stnaff. 

A = TTCc^-C,’) = Trfc^ r ^Trc/ = TTC 2 - 

c 2 . - - J= (0.0,0) - o.ons^7o n 

C, 1 0.0O4T773S tv, 


J*- 

T - 


(c^~c, v ) - ^•(o.O|ls47o‘ / - 0.005-7735' ,i )- 26.1*0 K/Cf'’ w, v 


I 

X '•’-a. 

'T**t~* sT 


(SO XlO^XzC. 130 __ 

O. O ll 547c* 


- 131^33 


T = IS/. H h)-nv 
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Problem 3.6 



(b) 


<£) 


3.6 A torque T ~ 3 kN • m is applied to the solid bronze cylinder shown. 
Determine (a) the maximum shearing stress, (b) the shearing stress at point D 
which lies on a 15-mm-radius circle drawn on the end of the cylinder, (c) the 
percent of the torque carried by the portion of the cylinder within the 15-mm 
radius. 


cai 


C. = ^ c) ® 3o - 3o X /o'^ 


“ 


J~~ ~ |(3oy/o' 3 ^ - 1.27 ?IS*\6 C wi v 

T * 3 kN * 3Wo 5 N 

- * ---— rr 70.735 *70* p* 

r^. = 70.7 MPa. 


1.772S£T* /O' 


- iS ~ iS x IU 3 vn 

ft 

C 


zr 


- _ Po r _ (1S*10~*X70.73&»/0‘*) 


T - 

An 


3514 MP< 


~ 

>J D 


t; - &. ? *■ _ 


3 ^ 


A 


~ "^2 ^6 


1* - f/S> /o'' & ) 3 (3S.S6gx/o c ) ~ IS7.S W*m 

TL , « 187.5 

10 o% ~ 


3* IP 1 


Cloo?c) 


£ 25% 


**A 


-*a 
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Problem 3.7 



* o mm 




3.7 The solid spindle Ali is made of a steel with an allowable shearing 
stress of 84 MPa, and sleeve CD is made of a brass with an allowable shear¬ 
ing stress of 50 MPa. Determine (a) the largest torque T that can be applied 
at A if the allowable shearing stress is not to be exceeded in sleeve CD, (b) the 
corresponding required value of the diameter d, of spindle All. 


sW cd: T iCrn * 


c., = C, - t - 31‘S- - 6 


i,s f-v k. 


J - f (<£■-O = 






Tc, 


T e 


sc 


J _ (l'£t>¥lo _ , 3 o £ 

' 0 , 0374 " 

F*ir <2^f i/i i h* t’yv*~, T ~ t-\) 


O A). K 


(V) SojPt/?! \S€ AB ' I* = 2~0$~Q tc-( 

v « lie ^ 2T 
J* 7TC 3 

C * ~\pSx~ - .. <= o<o2S~^n - 

VTTTi K Tf(^y^h 

4- ~ (av*r) i—» 


Problem 3.8 


100 mm 



200 min 


i - 0 mm 


75 nim 


3.8 The solid spindle /Ut has a diameter d s = 38 ram and is made of a 
steel with an allowable shearing stress of 84 MPa, while sleeve CD is made of 
a brass with an allowable shearing stress of 50 MPa. Determine the largest 
torque T that can be applied at A. 

sM A 8 : £ « 4 ^L - 4 .( 3 #} * W 1 ** 


*t* - J” tl<> _ ^ , lt 

U - -^= °!o£ A/bn. 

Sieet/e. CD: = 4(75") * 

C, - c z -b - 37 -r- = 31*5 «*.*,. 


vj * r 3(0'0?7^> 0>d?(r*)ts PS^XtfT^W 


»• o 3 7iT 


{\$PoujxJ{9e. 


T= oj^k/sUn 
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Problem 3.9 


3.9 The torques shown are exerted on pulleys A and B , Knowing that each shaft is 
solid, determine the maximum shearing stress («) in shaft AB, (h) in shaft BC. 


T, ■ 3(H) N • . 11 1 


T„ = ton N • in I 




A8 : ^s.36014*^ c$=O.o 30 Wj c?o.oi$»x 


2~L. , 

TT C S IS (O.OIS-)'' 

- 5L.S38 v/O s pa. - 


££.G MP<^ 


» ■ ; - . • » 

(b) S U£i Be : t; c = 300 +- 400 = 700 AA 

A'-om* c-.o.(ttu ^ i£- , ax 

-> ^ vj TTC* tt (0.073)* 


- 3 CX2&*lQ c Pa. 


36.6 MPa. 


Problem 3.10 


T, 300 N ini 


46 timi 



3.10 The torques shown are exerted on pulleys vJ and B which are attached to solid 
circular shafts AB and BC. In order to reduce the total mass of the assembly, 
determine the smallest diameter of shaft BC for which the largest shearing stress in the 
assembly is not increased. 


Sfarvfb Ae- 


3oo Al* cH~ 0 .03 £> ^ . c. - O. oaf »vj 


t' 9 Is. , y± ~ 

X 7c 3 ~tr (o.o/sY 5 
- S6.S.8S */0 & Pcl 


<5 - 0.0^6^ c= 0-23 »*. 


- -K.SffS */0 & Pcl tr 3£.<S MP« 

1C - T^c = 3oo + yoo = 7oo /J-fvj 

r - t c . 2i. ay 700 ) 

* V X TT£ a (0-073 ) J 


36.6Z6 x/o 4 -pa. 


MPcc 


The. ikv^esJ -s-f^ess (S6*S8% * I O* P<*. 'i OCCURS) tVt p>or- _ |'i _A# 

PeJoce. +lie efi’ On*\ 8C p/xiv/fs/e 4Ae O a-M-e rfresS. 


T ec = 7^0 M* tv> 


^ .Tc 

Cr<*x ~ ~=r- 


C 3 - 


2 jr 


ayvoo) 


~ 7r(,5£.58Sy/o 4 ) 


- 2X 

" TTC 3 

r 7. 37^*10'V* 


C - I'J.StS'x/o ^ 


cf - 2 c -- 39.79 Wo" 
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Problem 3.11 


3.11 Under normal operating conditions, the electric motor exerts a torque of 2.8 
kN • m on shaft AB. Knowing that each shaft is solid, determine the maximurrr- 
shearing stress in (a) shaft AB, (b) shaft BC, (c) shaft CD. 


r B ~ i.4 kN-m 

... .T r - 0.5) kN ■ 

ft mm / 


mBi 


48 mm /1/> ■ 0.5 kN ■ m 


$ 


(cO SU£l_Aj 3 : T ag - XSkU-m * 2 .s*/o ? nj* tv,, 22^^ o,oZ%^ 


^ - TX - 2T _ UKa.&vfQ'M 


J TfC 3 TT (o.oT.^'p " 

(b) SkdH BC - ~ I. 4 I^M- to * I. tJxfo tJ-hn 
2T ax?.4HO 3 ) _ 


siaox/o 4 


Ua S/a MPa. 


- 


Trc* tt(o.oih)* 


~ C4.47VIO Pft. 


C = £ < 9 / = 2.4 ^ - 0.02H V* 

r fi a £4 .xmP<l 


(c) 5WPf_CD * T^ c - 0.5 kM-m - 0.5 *1(2 tJ-Yn } 24mvi- 0.025 


'Y — 

*-co 


2 T _ qUag* ;o 3 ) 

T/c’ 5, ' ~n ( 0 . 0 * 4 -3* 


73.03 *lQ b Pc 


t ca - 23. O HP<v -« 


Problem 3.12 


J./2 In order to reduce the total mass of the assembly of Prob 3.11, a new design 
is being considered in which the diameter of shaft BC will be smaller. Determine 
the smallest diameter of shaft BC for which the maximum value of the shearing 
stress in the assembly will not be increased. 


Oe? "Hie so-!vrfie>M ~h> ProL7e>n. 3.11 -P or P'Vrt <j *<2 4~e>r h^acXl rn she&rin* SSSS 

—■ y 

\\o .sVia'Hrs A8j BC, o<.v\(A CD. l~he ^Kectrio^ occurs in 3Loti AB. XT'S 

k si. 2 HP k. AJjvsi f U *lt+**4e+ J sUTf BC So 4JLf lh 

rra-.x {rv, or*- skeei-ririej stress is &!.P MPa. 


ta, - */• a * /O c Pa 
. r _ Xc _ XT 

Lac — — - 



"IT C ^ 

3 / (2)(/. < / v fo 3 ) 

V Tf («sa«/o c ) 


75c* 1.4a'/ tXtn 


- ZZ-ZZ^IO m — 212.22 

d ~ 2 C ~ 4 V. *4 wn 
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Problem 3.13 


3.13 The torques shown are exerted on pulleys A, B, and C. Knowing that both shafts 
are solid, determine the maximum shearing stress in (a) shaft AB, (b) shaft BC. 


1200 N ■ m 


100 N • in 30 nun 

\ _ V 


Sn0N \ (Ol) AB- T - 'loo hi- 

"C = \J * j^(p. o%o')-= o. OlS 

T- Ir ( ■T - —■ "• - -2X- 

f a. c L * m +~ J“ tc* 

J - -js.S xlO 4 Pa 

(b) SUfl BC, - T - 8oo 

C- id - 0.0X0 

X - -2d- - (g-X_ 63.7*/O fc fe< 

^ ttc 4 irO.oaof 3 

“ G3.7 MPa. ■ 


Problem 3.14 


3.14 Theshaftsofthepulleyassemblyshownaretoberedesigned. Knowing that the 
allowable shearing stress in each shaft is 60 MPa, determine the smallest allowable 
diameter of (a) shaft AB, (b) shaft BC. 


12(H) N • m 



(a) sun- Asr T^4ooM-vm 

r^= CO MPa, * GO x/o* Pc, 
f _ H — v -t' -? Tc _ ^ I- 

Nj ~ *+■** j- * tr^a 

^ /cq^ooT. 

u “ V it y -iTC(,o*io b ) 


IG.I4 Wo" 


hn - 16 .19 
4w~ “ 32.¥»*w, 


(VO 8C - T - 800 

*r w - &e>MR&. * 6 ok/o 6 P«. 

S /~2T _ 3 jJZ)C^ord) 

C ~ v Ttc* ' Y 1T(&o x/oO 


a XO. 40 x JO" 3 tn “ ZO.tfO wm 


d^ge,- 2c * M m »n 


Proprietary Material. © 2000 The McGraw-Hill Companies, Inc. AH rights reserved. No part of this Manual may be displayed, reproduced, or 
distributed in any form or by any means, without the prior written permission of the publisher, or used beyond tbc limited distribution to teachers 
and educators permitted by McGraw-Hill for their individual course preparation. A student using this manual is using it without permission. 


www.elsolucionario.net 







Problem 3.15 



3.15 The allowable shearing stress is 100 MPa in the steel rod AB and 60 MPa in the 
brass rod BC. Knowing that a torque of magnitude T= 900 N • m is applied at A and 
neglecting the effect of stress concentrations, determine the required diameter of (a) rod 
AB, (b) rod. BC. 


To 


<T ^ 




3 C- 




IT 

IT tZ.*. 


SUM AB : T 




IDO MPa. * 100*10* fk 


~ 2c. ~ 3*S7 8 mho 

SUfH- BC .* tk*. - G.Q MP<t~ Co*/o & 


C* 


3 /iil£3££L 

Tr(&«>xio s ) 


-s 


>10 m - 2,1.2.14 


Problem 3.16 



3.16 The allowable shearing stress is 100 MPa in the 36-mnj-diameter steel rod AB 
and 60 MPa in the 40-mm-diameter rod BC. Neglecting the effect of stress 
concentrations, determine the largest torque that can be applied at A. 

T=£^C* 

Sk«ft A8 J IOO MPa * |00*/0 6 pa. 

C. « f 4,* - £<3 O ~ 12 mm ~ 0.018 vm 

T; a = {(ioo^io^X^.ois) 3 = 9/g 
Ska-Pt BC: * 40 MPa * &C x/o s Pa 

c ■* 4 Ac" " 3!o min - D.D20 tv, 

Xc * ^CoW0 4 Xo.oaof = \ N-m 


//)* oMoktoX^ -W^ue t*s 'fLe of I ~J^ C „ 

T- 75** W-vn 
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Problem 3.17 


J./7 'fhe solid shaft shown is formed of a brass for which the allowable shearing 
stress is 55 MPa Neglecting the effect of stress concentrations, determine the 
smallest diameters d A i, and d B c for which the allowable shearing stress is not 
exceeded. 


, £S* !O c B, 


»A» 


750 nun 


T, . o 400 N ■ m 


<‘nc > j ( ; 


„ Is. , ^-T 

-J tic 3 - 


s 7 zr- 

c " 


000 nun 


Sh&fii Att3 * Ifid ~ \20O ~i-QO v BOO 
^ _ 3 1 (IKSoo\ _ -l 

c - V v.oorto *--21.0, 


Mt'Hi 


cW - 2c. = 42.0 


SWlt_SC! 7^- H-oo tf.** 

c i 

7 TtCSSVfcO IS * 6< “ 


C.647WO * -T )G,G'7 

winfvw0*^ “ 2c ■= 32.3 iv, vn 


Problem 3.18 


3.18 Solve Prob. 3.17 assuming that the direction of Tc is reversed. 

3.1 7 The solid shaft shown is formed of a brass for which the allowable shearing 
stress is 55 MPa Neglecting the effect of stress concentrations, determine the 
smallest diameters <J A n and due for which the allowable shearing stress is not 
exceeded. 


T t; - 400 N ■ !U 


dm: \ C 

600 mm 


Mole VL .4 He dKVecJr t ov. tiT | £_ Kaa kee-^i 

t'v> 4-ke 4"(‘2 •d'/’T. -4o "fke 

•» ££»!O q Pe, 


- Tc _ XT 

y TTc 1, 


z {XT 




SW 4i AB : “T^b ~ 12oo + 4oo ~ (Goo N-m 

C ~ 1& °°I « 2G.4G v /c?" 3 * * 2c.44 w,.*, 

Tucss'xftf’i . 

Wtivtrwifwv “ aj£, - o2. f wsm 


sU£t__gt: Ta<7 ^oo 


tL ~ V ifC5XV7^ - fk.&C7*|0 im - IC.Q7 

Wimrootw. C?gc ~ ^C. ” 32.S Mtvj 
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Problem 3.19 


• T:(> i 



Aluminum 



c “ 25". J5"*TO KV 1 = 25". CT 


3.19 The allowable stress is 50 MPa in the brass rod AB and 25 MPa in the 
aluminum rod BC. Knowing that a torque of magnitude 7= 125 N • tn is applied 
at A, determine the required diameter of (a) rod A It, (b) rod BC. 


r — Tc. r- _ JL r H c 2, - 

• IS" tvNkn J^b- ^C. = So. 3^*0 


CU Ro^ fiC: c s - 


TT CSS’x/o 6 ') 


- 3/. 23/ >f/0' £ w\ 3 


C = 3/.C9xYo = 3/. 


= 63.4 


Problem 3.20 




25 x/o* Pa. 

= fc 3 £^> . 


3.20 The ,vo//</ rod J9C has a diameter of 30 mm and is made of an aluminum for 
which the allowable shearing stress is 25 MPa. Rod AB is hollow and has an 
outer diameter of 25 mm; it is made of a brass for which the allowable shearing 
stress is 50 MPa. Determine (a) the largest inner diameter of rod AB for which 
the factor of safety is the same for each rod, (5) the largest torque that can be 
applied at A. 


$*h A r>oA ec : J = 


- JL 
z 


C = >; c) = G. oiS tv, 

(0.oi5’j & 0?5Vjo c ) = 132. T3C N**\ 


Holloa roJl A6 : Tut ~ SO«lQ c Pa. 

c L - i:J z ~ £( o.ozs) - o.onS' ^ 
Tc» - ■= j(c^- 


Xjf = 132. $"3£ K/-*v, 


C z: ^ 

H * 


r *- r H 2Tu,C z 

. c 2 - -YrJ~ 


o.ons' - s 3>WSy/0 -« h 

TT (30 x/O 6 ) 


Cal c l =7.i’? y io' s w = ZS'i**, 


c: J?C| • I S'. IS w* 


(W) !\JiJ_ovJoJait 4-OtCo^e . 


r. = 132.5- M-rv. 
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Problem 3.21 


3.21 A torque of magnitude T — 900 N • m is applied at D as shown. 
Knowing that the allowable shearing stress is 50 MPa in each shaft, determine 
the required diameter of (a) shaft AB, lb) shaft CD. 


tfoO fjb' • 

r e _ io-o^oo) 


r r !k y 

'*6 ^ h 


v - Tc ~ 2J L 

- J- JQi 

c 

V TT-lU^ 


- Z2-512 




( , ■ i'-. 

: ft /■ loo i 

if W 


T = 900 N • in 


t«Q S V<xPi A 8 


C ~ J (a ^ 7 ' 7 —y ~ <5 1 © £ 6 6 tw - 30 ' 6 P- ^ 
1/ Tf(.£Smo*0 


eL r 2o - 


(bl SL-Pf CD-* c - - °'ozx^ aa s. fiifhs 


Problem 3.22 


T co =■ 




3.22 A torque of magnitude T - 900 N • m is applied at Z> as shown. 
Knowing that the diameter of shaft AB is 60 mm and that the diameter of 
shaft CD is 45 mm, determine the maximum shearing stress in la) shaft AB. 
(b) shaft CD. 


Tsa ~ ^ =**£&**• 

(a) SW£t AB- c - j d M = $-0 


Tc _ ZT 

J ' TfC* 

n)C-2-2So) 

fi (o''0%)?> 


5 Z'C>£ f 


(b) suit CD: 

- 21 . «jg og? 

TC 3 - TT (ctioUCf -* 


m- 

^ Si: ft®/ 190 nun 


T =-- 900 N ■ in 


^ - SS'0£M?q 


(b) So-3 MPa 
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Problem 3.23 


3.23 Two solid steel shafts are connected by the gears shown. A torque of 
magnitude T = 900 N • m is applied to shaft AH. Knowing that the allowable 
shearing stress is 50 MPa and considering only stresses due to twisting, determine 
the required diameter of (a) shaft All, (b) shaft CD. 


240 mm 




slip? '80 mm 


T ft6 - T r N-vn 

T„ * ^ S V 2700 U.M 


5Uft AB : SO MPa.- SO WO £ Pa 


7 XT 


>1 


7 CX K r jO Q 1 _ 3 _ 

i TT( 5 c>v/ 0 6 ) “ XX.SS^Io 

d/ie,' P ~ ~ 4-5*. J S'Otvi "" 


CM su-ft CD : = So MPa 

~ 31.5 Z* Id'** - 3Z.SZ ^ 

» IT C-So*'0<7 


«4e> - 2 c “ £■£*, O m>*\ 


Problem 3.24 


3.24 Shaft CZ) is made from a 66-mm-diameler rod and is connected to the 48- 
mm-diameter shaft AB as shown. Considering only stresses due to twisting arid 
knowing that the allowable shearing stress is 60 MPa for each shaft, determine the 
largest torque T that can be applied. 


r^- £0 MPa. r GC>xlo‘?<x 
SKqft AB ‘ C - "joIab ~ 24 - 0.024 km 


^ — I c. _ 


1 


T- — 'Y 7 



gF>80 mm 


T- J(Co*lo c )(o, 02 Hf = IZOZ Kj.i 


SU£f CO : C-^cU- S3 »,*,=• 0.03 3 ro 


T rr , - I C60yfO £ )(o.O33)% 33S7 N* 


__ r„ _ 

nr- —i 

r c» 


(3387) 


7*1 M-w. 


TA« -foye is "He a ~f + )><? +vt/o 

C^yPcoJ Va.i’oes. 

T” 11X1 N-m- UXrkH-v* 
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Problem 3.25 




100 mm 



3.25 The two solid shafts are connected by gears as shown and are made 
of a steel for which the allowable shearing stress is 50 MPa. Knowing the 
diameters of the two shafts are, respectively, d BC = 40 mm and d EF ~ 30 mm 
determine the largest torque T c that can be applied at C. 


£~d 


StatvPf BC. 


c = -jcl - 


T _ Or _ ~V 

f t - c ' aT" 


: ^ (£e> y < o h ) l o i o 


- 6 2- 8 K 


SU4+ EF • 4, - c = i 

T — _ IT -v ^ 

fr * **■ ^ 


C=icJ- »s 


By s4«Wes T 6 --^T F « j-(^) - 4+10 UM 

AJtPov^ cS>.9^ 'jtujue ffp l a is 7Ae 


Problem 3.26 


T, = 4+1-7 W «*« 



3.26 The two solid shafts are connected by gears as shown and are made 
of a steel for which the allowable shearing stress is 60 MPa. Knowing that a 
torque of magnitude T c — 600 N * m is applied at C and that the assembly is 
in equilibrium, determine the required diameter of (a) shaft BC, (b) shaft EF. 


TT*. = £o foTt 

T c (a) SAa-Pf BC : T, M$H 

A T ~ T+ - Erl. r ~ 

Y - 3 ^ y -fp 


ZT 


. _ M 

ii£6£>KigM 

cL - 7 C •= $1 


SU-Tf FT; T F ^ T c 



h 


~ 6 * 01 s 4 th 

T* (&*>*(or) 

4f ~ 2e =■ 
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Problem 3.27 


■30 iMin — n&t- 






DlAMlsTtsRS 

r , ~C 2.T 
J- " TTC^ 


3.27 A torque of magnitude 7’= 120 N - m is applied to shaft AB of the gear train 
shown. Knowing that the allowable shearing stress is 75 MPa in each of the three 
solid shafts, determine the required diameter of (a) shaft AB, (b) shaft CD, (e) 
shaft EF. 


Static s 

j ti , , 2 ? 


Shaft A 8. 


* X = T* 


Qy&a.ys B a.*J C t /'s ~ 2 ~ CO tvjpn 

Fof'C* out aear CiW^5, .■ p-g r " — 


r fl 'a 2sr 


2.4 T 


SUfi CD, 


T - T 

* Cn ' 


a ' c 


2.4 T 


G-ectv^s D t iC - 3 0 sm m vC - 75” 

« — — — — ... & u ) ^ 

F > < . ■■ n Tp I e 

oirct CiK/e'i, h pe - ~yr - yc~ 


ft " - «T 


Shaft EF 


^ „ 3/ » T 

c ~ v irr 


Terre ~ 


dP= 2c - 2 


- QT 



n lL** 


lS*lO C po- 


(cD Sk£tA3, TIq T = I 7o U- 


. 3 / a.(i2o^ „ s 

^ ^ V“OSxlO^^ * 


dl R “ ?0. I im 


Cb> 5Uf4-CD . T Co - tit.Ddio) r 292 


J „ 7 3 fi5K2&a)~ 

CD ~ Y irCisxio^) 


2 <o . 4 K I D 5 irVi 


4o r ?£.<?, 


fc) sU£L£F. - 7 2oV-tv, 

A - o V (2H7 2Q) _ a 

' *- y 11(75^/C? 3 7 ~ 3G.&xlO Wi 


cEp ~ SC.C WlWl -**5 
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Problem 3.28 


•JO mm-... ])& 





60 mm 


3.28 A torque of magnitude T~ 100 N • m is applied to shaft AB of the gear train 
shown. Knowing that the diameters of the three solid shafts are, respectively, d An 
~ 21 nun, dcD ~ 30 mm, and dsf ~ 40 mm, determine the maximum shearing 
stress in (a) shaft AB, ( b ) shaft CD, (c ) shaft KF. 


STAT1C5 

SUfL A3. 


T. - Tn - r 


G-ga^ff B C , Y'a ~ - CO t *^ 

Po/'c-e oia c.uf'cJ&s, .■ Fee r r 


r e *«3 ~ is 


SU-PI CD, 


T - T 


1 c. 1 r> 


3.5 T 


G-gO^S D CcV\A V\. - SO = 75 


Foir-eg «j£a: 

-r- _ 


/ . , . o r To _ T 

/t qgfltvi Ctrc/es . r D c - XT' ~ ~77. 


pe YL ft. 


-r- 

T,= ~ — 




gC^T^ GT 

T^tf - Ic- ~ ip ' GT 


FAVIMUH SHEARING ST£i?SStfS 

~ „ Ic . 2T 

^ vT TTC^ 


C^cOi SWPfA8. 


T - t0O N'lm C~~J- iO.S^- 10^^10 


(2)ClQ.o) 

- ^°* f0 


Ti^^SS.O MPa 


(b) Sb^f+ CD . T " (2.5^1 £>G)- 240 K/-*n 

c - i e>5 - /£ mm * 15** lO*^ 

/ T - ^ X 3 ‘ - DC S X lO c Pa 


T^= ^ 3 M 


(C) Sbetf-f CF, 


T~ ( 0 ( too) - &00 

Ci - d F 2.0 vv\ vv, ~ 12 O x | O yv> 


CZ.XlSso') 

7( 20*[0' r )* 


- 47.7 */D fc (°a 


£_ = 47.7 MPa -s 
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Problem 3.29 




3.29 While the exact distribution of the shearing stresses in a hollow-cylindrical 
shaft is as shown in Fig. P3.29a, an approximate value can be obtained for 4 m by 
assuming that the stresses are uniformly distributed over the area A of the cross 
section, as shown in Fig. P 3.296, and then further assuming that all of the 
elementary shearing forces act at a distance from O equal to the mean radius 14(o 
+ ci) of the cross section. This approximate value r 0 = T/Ar m , where T is the 
applied torque. Determine tire ratio r m „ /r 0 of the true value of the maximum 
shearing stress and its approximate value r 0 for values of o/c 2 respectively equal 
to 1.00,0.95, 0.75, 0.50 and 0. 


'hov' a. UoPJoiv skecfA- 


Tc a _ 2Tc h 

" ttCc^-c, 4 ') 

2Tc z 
A CC 2 z +c>) 


Qy deAVt.lt 't ~ ~~~ - .— 

1 J Avu A (A+c,) 

DivAdiwt* Jr.n-ix — C t (C z 4 C,) I + (c, / C^) 

Sf TTTrT = -- 7 -;- 

U + C, \ 4 (C ,/C^ 


ZTCz 

TTfe'-CPXCt’+C,’ 


c, /c 2 

1.0 

0.95 

0.1s 

0*5 

0.0 


1.0 

Lots 

UZO 

l.2oo 

#v0> 


Problem 3.30 





3.30 (a) For a given allowable shearing stress, determine the ratio T/w of tire 
maximum allowable torque T and the weight per unit length w for the hollow 
shaft shown, ( b ) Denoting by (T/w) 0 the value of this ratio for a solid shaft of the 
same radius c 2 , express the ratio T/w for the hollow shaft in terms of (77W)o and 

C)/C 2 . 


y / VC/ = u/eiqlvf pqL, •> spec.;-Etc 

“VT- V- 

w --If- f^LA. = = p%T (CS-C‘) 

= 23k = <^- c ' X* * I (c^c,MCc. I -c,») r . 

C ^ 2 

T fc.VeXi ‘Y.. X - IcScS*) 

w r * iv %p$cl 


-O -R> <r SojVd ! (Iv ^ 


(T/wV _ , 

(T/<) 0 ~ ’ 


X _fc*+ c.M 9 
» . 

jL \ — 

w >o 


(sojid skej^) 


(5) - (£10 


www.elsolucionario.net 




Problem 3.31 


id 



TL 
f “ &5 


T 0 - 


3.31 (a) For the aluminum pipe shown (G = 27 GPa), determine the torque T 0 
causing an angle of twist of 2°. (6) Determine the angle of twist if the same 
torque T® is applied to a solid cylindrical shaft of the same length and cross- 
sectional area. 

(CL) C Q = 50 wm ' C>. O 5 O tv? ~ C> CL 07 O w 

J - f (.C *- c> v ) - f- Co. OSO H - O.OHo"} 

- 5. iq&Z * /o“ 6 m* 

Cj> - 2° - 3^07^ I0~***J L= 2.5 ^ 

G ~ 2.7* to* ?«. 

&5<p (.'Z7-*IO , ')(5-l c tG2xlo C )(34-907*fcT 3 ^ 


?. IS5 i */0 3 ’ N* w 


X - 3. 19 klJ- MA ■* a) 


/\ v^e u. of pipe. A - ttCcJ- .c2) T irCo.oso'- o.ohT) ~ 2.SZ1H 

(b) R a. J I U S O'f So$iid 0 ~P SQv^'C. <K'r<.G.Z Cg ~ ii ~ 0 „ 030 wn 


- 11 - ¥ _ ii 


r s c; 

XL 


^( 0 . 030 ) - 1.2 72 35** |0* ^ 

(Z.I?>5tv!o' b )(2.S > > _ „ 


G-J ' C 77 ylO«)(L 212 ZS-*(»- c ) 


OJSnoZ vvj 


<&** ?•«' 


Problem 3.32 


3.32 {a) For the solid steel shaft shown (G = 77 GPa), determine the angle of twist 
at A. (b) Solve part a, assuming that the steel shaft is hollow with a 30-mm-outer 
diameter and a 20-mm-inner diameter. 


:Sil 1 A in 


mm 


4 ; 


(CL) c= -. 0.015^ , J *Tjrio.O!$y 

J * 77 . S 2 ? no* L: l.$*» } G - 77 * 10 * p*. 

T - ISO Ai-tv. (Jlr Xk 


'250 N • III 


(250 Hf. S*) 


C77'</O i? )(7^22x/o-'' 


- 73.4 7 x/o y>^ 


(fa) C 2 r Q.OiS ^ 


rt> _ (73.4?x/o~ 3 )1 8P _ 4 2/ ° 

T If 

C, = - 0.010 wj } J = "x (c^- C, M ) 


O' - | (o.oisT o.o\&) - S3. gldx/idd 


_ XL 
^ ” &S 


<p--r --rtf - e n. 5 ’ 8 *» 0 %®«/ ~ 

T ( 77 *lo‘ t )( 6 Z. 8 M *)o ' " 
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Problem 3.33 



9 


3.33 The ship at A has just started to drill for oil on the ocean floor at 
a depth of 1500 m. Knowing that the top of the 200-mm-diameter steel drill 
pipe (6' = 77.2 GPa) rotates through two complete revolutions before the drill 
bit at B starts to operate, determine the maximum shearing stress caused in the 
pipe by torsion. 

_ G-J<p 
L 

_ G (pc 

II 


, TL 
' GJ 

Tc 


l 


(p ~ 'X.'Ae* ~ Z (2,7- I2.5 &6 v<lA 

C = IOO ^ =■ O.IOO m 

& =■ 77.2 * 17.2*10* 

(77.2^ 10^)02. SCCXo.too) 


X - 


I Soo 


- Gin «IO G 
'e * Gin Mftc 


Problem 3.34 3.34 Determine the largest allowable diameter of a 3 m-long steel rod 

(G = 77 GPa) if the rotl is to be twister! through 30 \ without exceeding a shear¬ 
ing stress of 84 MPa. 


x - 64-mA?. 

rf) a HLz. ~J~~ ^ 

i G 3 ‘ L > 


<p ~ * ~r ~ oszstorU 

>y - 7~ c - Gffc. 

J " Tl l * 

d' 06 blS fa ~ 2p> ^ r- Zc 


C ■» 


•f L 


t *2* S 
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Problem 3.35 

3.35 The electric motor exerts a 500 N m torque on the aluminum shaft A BCD 
when it is rotating at a constant speed. Knowing that G- 27 GPa and that the 
torques exerted on pulleys B and C are as shown, determine the angle of twist 
between (tr) B and C, (b) B and £>. 200 N • m 

(<x) A vutic of ksti £££* c . '}> 


300 N • in 


T Cc ~ Zoo Lfc.= 1.2 w, 

C ~i<X - O.OZS^j & - ZlxfO* 1 P<X 

sL~ 3G7. ^ 



m, wk \ 

V v. 40 mm 



Gj * ( 27 >'/o <f )^ 47 . < ? 7 ylo'') ~ .151 y lo z "tW - 1,384 

Cb) Atv^ it of 4^/5^ beAttje&* B P •* 

Ten - Soo CrJeltO.O^m, & * Z7 * 10* Ik 

Jj ?C. V - Z(o.02i) i ^ 5%/. ISS ylo' <l 

^ _ (Soo N >(a e O „„ „ 

^ c/ ° ' ( 27 vfo’)(SJU'.|<T. 3 *J©*) “ • 3 /. 7 goy/o 

< Pb/x> t fn/c* Vc/p t MJ 51 >Iq\ 31 . 78 o y/ cT 5 - 5 £J 37 WdV<J 

%/p “ 3,22' 


(2oe»Vl.50 


■a ^ 

KV 1 


3/.7gox/o 


Problem 3.36 

3.36 The torques shown are exerted on pulleys A, B, and C. Knowing that both 
shafts are solid and made of brass (G - 39 GPa), determine the angle of twist 
between (a) A and B, (b) A and C. 


800 N • in 


1200 N ■ m 



(<St> Arv^le -fastsi be-{«/ee« A a.**f ~S 

"las “ 400 L Ae - L2 m 

C = iJ r o.ots * G = 39*/o' fh. 

79 .SZ yIff ** tv,*' 
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TL _ (Hqo)(i.Z) _ 

O. 1S4-772. D 


<#/ 8 - 8.S7 ° 3> 


lb*) Avr^^e of* 'f-u/isJ /\ cwJ C , 

T ec - gOO £#c" !■««, C-- id -0.Q2O G - 39*/O* fa 

Joe- Jc* “ ? (o.02oV * XSI.3Z1 * lO'* ^ 


%/c — 


(8°0 lC l. 8 ') 


O. 1467(2 3 


^ (37v/o^)(^/.527x^-’) - * 

<$ /e . r ( P*/0f t p0cr 0,1S4 773-O.NC7l2-^-GG 78 50 ^ 5> 


$c M -O.HSO* 3 
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Problem 3.37 


300 imn 



Aluminum 


r 100 N ■ m 


_ T Lee 


3.37 The aluminum rod BC (G - 26 GPa) is bonded to the brass rod AB (G = 39 
GPa). Knowing that each rod is solid and has a diameter of 12 mm, determine the 
angle of twist (a) at B, ( b ) at C. ' 


povTiowS C. = - Q i vmvi r £k/D ! w 

J - "Ic* 1 = = 2.03575- * to-' m 4 

1 - 1 OO f\J * yr\ 

Rod A& - & A& ~ 3 s ? ylo* ?cl ) i AS - O.^oo ^ 

(Cl) CD r Cp r _ Qc»c» goo) 

B A& (3 £ 7y/o £, )(.5'.(2SS75 x jo”'’) 

- 0.7£\*\ r«.J c p B= N ^2> c 

Red &C ■ <S 6c - ^ WO 1 P«. j i- 6c = <2. 3 £>oh 

; .. (I .°° X °-. 5PU1 = 0.56C7S ^ 


■* 0*- 6 *l D )('2_0'3575'*/O ) 

(Wt <^ c - g> & + cp gc 3 o. 25 til + O.SQ611 - 0. 2l270r«J <$. - 46. <f‘ 


Problem 3.38 

3.38 The aluminum rod d# (G = 27 GPa) is bonded to the brass rod fi/> (G = 39 
GPa). Knowing that portion CD of the brass rod is hollow and has an inner 
diameter of 40 mm, determine the angle of twist at A. 


Rod A8 : G^27vi0 ,, Pa, L ~ O.Hoo 


T - 8oo 
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cPn - 6.02° 


www.elsolucionario.net 








www.elsolucionario.net 










www.elsolucionario.net 




www.elsolucionario.net 







www.elsolucionario.net 



Problem 3.43 


3,43 A coder F, used to record in digital form the rotation of shafts, is connected 
to the shaft by means of the gear train shown, which consists of four gears and three 
solid steel shafts each of diameter d Two of the gears have a radius r and the other 
two a radius nr. If the rotation of the coder F is prevented, determine in terms of T, 
l, G, J, and n the angle through which end A rotates. 



GrJ* 


- HI 

G\T 




= 1*1 f-L 


GvT 




0 


Problem 3.44 


See soJM-f'oH fo PRQQLSm 

3.43 clegOop nneni <j£ 

<?A 


3.44 For the gear train described in Prob. 3.43. determine the angle 
through which end A rotates when T — 0.6 N • m, l — 60 mm, d — 2 mm, 
G = 77 GPa, and n = 2. 

3.43 A coder F, used to record in digital form the rotation of shaft A, is 
connected to the shaft by means of the gear train shown, which consists of four 
gears and three solid steel shafts each of diameter d. Two of the gears have a 
radius r and the other two a radius nr. If the rotation of the cotier F is prevented, 
determine in terms of T, /, G, J, and n die angle through which end A rotates. 


ft = ( I * + W?) 


64 

a 

DovVa : Q^llvtofr f 

Y1 - ^ j J= Ic 1 xfCo.«l)*= l-Slf.,0 1 ^ 

( 4 ' b>) C O * 0 b) 


ft - (< + 1 + 3 V 


(17 *\o~ n ) 


tpg ■» %2-~ <f ° 
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Problem 3.45 


3.45 The design specifications of a 1.2-m-long solid transmission shaft require that 
the angle of twist of the shaft not exceed 4° when a torque of 750 N • ni is applied. 
Determine the required diameter of the shaft, knowing that the shaft is made of a steel 
with an allowable shearing stress of 90 MPa and a modulus of rigidity of 77.2 GPa. 


T- ISO * C9.gi3*/o'V^ } J ^ 

°l O - ROWO 4 f*. G - 17.2 £ Pa ^ 77. 2. * lc? Fc. 

B><^sgJ oi4 ol -j-usisf , C{i - 


'7 


2TL 

TG-cp 


tiXisoHuZ} 

'7r(77^v/D < ’X^.8i3v/o‘^ 


IS .O£ x/o yvt 


3<a.se<rl or> .skea’h'Vi*^ s4wess 


XSr - J2JL 


’ 17 H 1/ 7T ( 1(9 X /o ^ 


lJs€ .f Ar-c^e /■ / c<-J! j-e. * C ~ ! 3.0 6> ^ I(D ho ~ /£, 9 <j no ch ~ 2.C. r 3&* I *i« 


Problem 3.46 



3.46 A hole is punched at ^4 in a plastic sheet by applying a 600-N force P to end /) 
of lever CD, which is rigidly attached to the solid cylindrical shaft BC. Design 
specifications require that the displacement of D should not exceed 15 mm from the 
time the punch first touches the plastic sheet to the time it actually penetrates it. 
Determine the required diameter of shaft BC if the shaft is made of a steel with G = 
77 GPa and r a „ = 80 MPa. 

T " V* P - L0.30Orr,)C^0Ohl') - ISC. N* WO 
Sk^GV J Id'.v^e4e'r' kissel OW llir, iViaatt*.. 
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^7 — J— - .G- T.-fr - 
T g-JT it Gel 
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—.. I-, / _ “; - m. «»■<.* 10 Kvj 


KGCp 


17(77* (O e t)(o.DS'l 


C- “ I | # ’* / ^ ST J 1 . 04 £*v> 


d - 2c. =. .2A. S 
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-.1C. 2j 
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C = H . 27 3 y to' 3 - II. 213 


d : 22.G 


Use 4i« v/A.iGe -fo mezi bo^b $ { I 


d ~ 22.5" mV! 
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Problem 3.47 

3.47 The design specifications for the gear-and-shaft system shown 
require that the same diameter be used for both shafts and that the angle through 
which pulley A will rotate when subjected to a 200 N • in torque T. t while 
pulley I) is held fixed will not exceed 7.5". Determine the required 
diameter of the shafts if both shafts are made of a steel with G = 77 GPa 200 mm 
and T.,u — 84 MPa. s' _ 

. G ecu* S „ ~r 

+)im b co : J^23~ r * 4rn| 
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Problem 3.48 


3.48 Solve Prob. 3.47, assuming that both shafts are made of a brass 
with G = 39 GPa and r a , t = 56 MPa. 

3.47 The design specifications for the gear-and-shaft system shown 
require that the same diameter be used for both shafts and that the angle through 
which pulley A will rotate when subjected to a 200 N • m torque T A while 
pulley D is held fixed will not exceed 7.5°. Determine the required .,r' y 

diameter of the shafts if both shafts are made of a steel with G — 11 GPa 2(1,1 mm 
and t 3 |, = 84 MPa. ' ^ 
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Problem 3.49 


3.49 The design of the gear-and-shaft system shown requires that steel shafts of the 
same diameter be used for both/10 and CD. It is further required that r max < 60 MPa 
and that the angle (p,, through which end D of shaft CD rotates not exceed 1.5°. 
Knowing that G - 77 GPa. determine the required diameter of the shafts. 
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Problem 3.50 


3.50 The electric motor exerts a torque of800 N-m on the steel shaft ABCD when 
it is rotating at constant speed. Design specifications require that the diameter of the 
shaft be uniform from A to D and that the angle of twist between A and D not exceed 
1.5°. Knowing that < 60 MPa and G ~ 77 GPa, determine the minimum diameter 
shaft that may be used. 
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Problem 3.51 



T ::: 1.2 kX m 


3.51 The solid cylinders AB and BC are bonded together at B and are 
attached to fixed supports at A and C. Knowing that the modulus of rigidity is 
26 GPa for aluminum and 39 GPa for brass, determine the maximum shearing 
stress (a) in cylinder AB, (b) in cylinder BC. 
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Problem 3.52 



3.52 Solve Prob. 3.51, assuming that cylinder AH is made of Steel, for 
which G = 77 GPa. 

3.51 The solid cylinders AB and BC are bonded together at B and are 
attached to fixed supports at A and C. Knowing that the modulus of rigidity is 
26 GPa for aluminum and 39 GPa for brass, determine the maximum shearing 
stress (a) in cylinder AB, ( b ) in cylinder BC. 
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Problem 3.53 


■ co 3.53 The composite shaft shown consists ofaS-mm-thick brass jacket (C% rass = 39 

’ GPa) bonded to a 40-mm-diameter steel core (G 5 i«i ~ 77.2 GPa). Knowing that 

'VXj' the shaft is subjected to a 600 N • m torque, detennine (a) the maximum shearing 
2 m' \ stress in the brass jacket, (b) the maximum shearing stress in the steel core, (c) the 

j \ angle of twist of I! relative tori. 
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Problem 3.54 



3.54 For the composite shaft of Prob. 3.53 the allowable shearing stress in the brass 
jacket is 20 MPa and 45 MPa in the steel core. Determine (a) the largest torque 
which can be applied to the shaft, (b) the corresponding angle of twist of B relative 
to A. 

3.53 The composite shaft shown consists of a 5-mm-thick brass jacket (6\, r a« = 39 
GPa) bonded to a 40-mm-diameter steel core ((7 s(ct | - 77.2 GPa): Knowing that 
the shaft is subjected to a 600 N • m torque, determine (a) the maximum shearing 
stress in the brass jacket, ( b) the maximum shearing stress in the steel core, (c) the 
Brass jacket angle of twist of B relative to A. 
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Problem 3.55 


r = 50 mm 



3.55 At a time when rotation is prevented at the lower end of each shaft, a 80-N • 
m torque is applied to end A of shaft AB. Knowing that <7 = 77.2 GPa for both shafts, 
determine (a) the maximum shearing stress in shaft CD, (b) the angle of rotation at 
A 
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Problem 3.56 


3.56 Solve Prob. 3.55, assuming that the 80-N m torque is applied to end C of 
shaft CD. 


r = 15 mm [I ^ 
18 mm J1 15 j 


3.55 At a time when rotation is prevented at the lower end of each shaft, a 50-N - ni 
r - 50 mm torque is applied to end A of shaft AB. Knowing that G = 77.2 GPa for both shafts, 

j determine (a) the maximum shearing stress in shaft CD, (6) the angle of rotation at 
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Problem 3.57 


5 A 8 

T ~ I A£ > ^ *0 = } 


3.57 and 3.58 Two solid steel shafts are fitted with flanges that are 
then connected by bolts as shown. The bolts are slightly undersized and 
permit a 1.5° rotation of one flange with respect to the other before the flanges 
begin to rotate as a single unit. Knowing that G ~ 77 GPa, determine 
the maximum shearing stress in each shaft when a torque of T of magnitude 
570 N • in is applied to the flange indicated. s' 

3.57 The torque T is applied to flange If. 
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Problem 3.58 


3.57 and 3.58 Two solid steel shafts are fitted with flanges that are 
then connected by bolts as shown. The bolts are slightly undersized and 
permit a 1.5° rotation of one flange with respect to the other before the flanges 
begin to rotate as a single unit. Knowing that G = 77 GPa, determine 
the maximum shearing stress in each shaft when a torque of T of magnitude 
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Torque. +b tzvAO'Jz I “Qp = (iH-loS-l )(3G>J&*/d l ) A//« 

TT -ft? 5 e et<f<4il'iowo/ vv4vfio*i (p 1 1 T ~ S7o ~ £6^-4- — 2 oo-b W hi 

— II tf —- >1 

T - Tab + T o0 

200-1, - (/0202-s)f" + i/^fo8-i )cp" (p“- g-2515' ■xlo' % 

= i_!6Z02'5 )(f<z5/5 *■]<?*) » 84--Z tff* 

T C q - (j4-lo8-l )CS--25/S-^lo~' ! ‘) = //6'4- 

sft stress ivn 

r Aa = _ \S-87 Hfa 'f A& *-IS-lMtoi 

Jar 78-Sxid ? 

MaxiVwr+i sfress it* CP , 

r « _ (5^>4+ j- 3 . o3 V 9 55 Af^ -*sl 

vJ CD ^ 


www.elsolucionario.net 





Problem 3.59 


3.59 The steel jacket CD has been attached to the 40-mm-diameter steel 
shaft AE by means of rigid flanges welded to the jacket and to the rod. The outer 
diameter of the jacket is 80 mm and its wall thickness is 4 mm. If 500 N • m 
torques are applied as shown, determine the maximum shearing stress in the 
jacket. 
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Problem 3.60 



3.60 The mass moment of inertia of a gear is to be determined experi¬ 
mentally by using a torsional pendulum consisting of a 1.8-m steel wire. Know¬ 
ing that G — 77 GPa, determine the diameter of the wire for which the tor¬ 
sional spring constant will be 6 N • m/rad. 
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Problem 3.61 


3.61 An annular plate of thickness t and modulus of rigidity G is used to connect 
shall All of radius r, to tube CD of inner radius r 2 . Knowing that a torque T is applied 
to end A of shaft AB and that end D of tube CD is fixed, (a) determine the magnitude 
and location of the maximum shearing stress in the annular plate, (b) show that the 
angle through which end B of the shaft rotates with respect to end C. of the tube is 
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Problem 3.62 


3.62 An annular brass plate (G = 39 GPa), of thickness / = 6 mm, is used to 
connect the brass shaft AB, of iengthi, - 50 mm and radius r t = 30 mm, to the brass 
tube CD, of length L 2 - 125 mm, inner radius r 2 = 75 mm, and thickness / ~ 3 mm 3 
Knowing that a 2.8 kN • m torque T is applied to end A of shaft AB and that end D 
of tube CD is fixed, determine (a) the maximum shearing stress in the shaft-plate-tube 
system, (b) the angle through which end A rotates, (flint: Use the formula derived 
in Prob.3, Cl to solve part 6.) X ... 
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Problem 3.63 



3.63 A solid shaft and a hollow shaft are made of the same material and are of the 
same weight and length. Denoting by n the ratio c,/e 2 , show that the ratio TJT h of 
the torque T s in the solid shaft to the torque 2* in the hollow shaft is (a) J(i ~ n 2 ) 
/ (1 + m 2 ) if the maximum shearing stress is the same in each shaft, (b) (1 - «)/(! + 
« 2 ) if the angle of twist is the same for each shaft. 
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Problem 3.64 


3.64 Determine the maximum shearing stress in a solid shaft of 38-mm 
diameter as it transmits 55 kW at a speed of ( a) 750 rpm, (b) 1500 rpm. 
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Problem 3.65 


3.65 Determine the maximum shearing stress in a solid shaft of 12-mm diameter as 
it transmits 2.5 kW at a frequency of (a) 25 Hz, (ft) 50 Hz. 
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Problem 3.66 


3.66 Using an allowable shearing stress of 50 MPa, design a solid steel shaft to 
transmit 15 kW at a frequency of (a) 30 Hz, (ft) 60 Hz, 
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Problem 3.67 


3.67 Using an allowable shewing stress of 30 MPa, design a solid steel 
shaft to transmit 9 kW at speed of (a) 1200 rpru, (b) 2400 rprn. 
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Problem 3.68 


3.68 As the hollow steel shaft shown rotates at 180 rpm, a stroboscopic 
measurement indicates that the angle of twist of the shaft is 3 °. Knowing that G = 
77.2 GPa, determine (a) the power being transmitted, (b) the maximum shearing 
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Problem 3.69 



_ i c 


3.69 The hollow steel shaft shown (G = 77.2 GPa, r a n — 50 MPa) rotates at 240 rpm. 
Determine (o) the maximum power that can be transmitted, (6) the corresponding 
angle of twist of the shaft. 
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Problem 3.70 


! 40 w, 


3.70 One of two hollow drive shafts of a cruise ship is 40 tn long, and its outer 
and inner diameters are 400 mm and 200 mm, respectively. The shaft is made of a 
steel for which r^ = 60 MPa and G = 77.2 GPa. Knowing that the maximum speed 
of rotation of the shaft is 160 rpm, determine (a) the maximum power that can be 
transmitted by one shaft to its propeller, ( b ) the corresponding angle of twist of the 
shaft. 
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Problem 3.71 


3.71 A steel drive shaft is 1.8 m long and its outer and inner diameters 
are respectively equal to 56 min and 42 mm. Knowing that the shaft transmits 
180 kW while rotating at 1800 rpm, determine (a) the maximum shearing stress, 
(b) the angle of twist of the sliaft (G = 77 GPa). 
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Problem 3.72 



3.72 A steel pipe of 72-mm outer diameter is to be used to transmit a torque of2500 
N ■ m without exceeding an allowable shearing stress of 55 MPa. A series of 
72-mm-outer-dtameter pipes is available for use.. Knowing that the wall thickness 
of the available pipes varies from 4 mm to 10 mm in 2-mm increments, choose tire 
lightest pipe that can be used. 
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Problem 3.73 





3.73 The design of a machine element calls for a 40-mm-outer-diameter shaft to 
transmit 45 kW, (a) If the speed of rotation is 720 rpm, determine the maximum 
shearing stress in shaft a. (b) If the speed of rotation can be increased 50% to 
1080 rpm, determine the largest inner diameter of shaft b for which the maximum 
shearing stress will be the same in each shaft. 
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Problem 3.74 


3.74 A 1.5-m-long solid steel shaft of 22-nim diameter is to transmit 12 kW. 
Determine the minimum frequency at which the shaft can rotate, knowing that G ~ 
77.2 GPa, that the allowable shearing stress is 30 MPa, and that the angle of twist 
must not exceed 3.5°. 
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Problem 3.75 


3.75 A 2.5-m-long solid steel shaft is to transmit 10 kW at a frequency of 25 Hz. 
Determine the required diameter of the shaft, knowing that G' = 77.2 GPa, that the 
allowable shearing stress is 30 MPa, and that the angle of twist must not exceed 4°. 
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Problem 3.76 
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3.76 The two solid shafts and gears shown are used to transmit 12 kW 
from the motor at 4 operating at a speed of 1260 rpm, to a machine tool at D. 
Knowing that the maximum allowable shearing stress is 55 MPa, determine 
the required diameter (a) of shaft Ali, ( b ) of shaft CO. 
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Problem 3.77 


3.77 The two solid shafts and gears shown are used to transmit 12 kW 
from the motor at A operating at a speed of 1260 rpm, to a machine tool at D. 
Knowing that each shaft has a diameter of 25 mm, determine the maximum 
shearing stress (a) in shaft AB, (b) in shaft CD. 
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Problem 3.78 


r = 30 mm 


18 mm 



3.78 The shaft-disk-belt arrangement shown is used to transmit 2- kW 
from point A to point D. (a) Using an allowable shearing stress of 66 MPa, 
determine the required speed of shaft AB. (b) Solve part a, assuming feat fee 
diameters of shafts All and CD are, respectively, 18 mm and IS nun. 
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Problem 3.79 


L - /•£"*'' 


3.79 A 1.5-m-Iong solid steel shaft of 22-mm diameter is to transmit 
13.5 kW. Determine the minimum speed at which the shaft can rotate, know¬ 
ing that G = 77 GPa, that the allowable shearing stress is 30 MPa, and that 
the angle of twist must not exceed 3.5°. 
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Problem 3.80 
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3.80 A 2.5-m-long steel shaft of 30-mm diameter rotates at a frequency of 30 Hz. 
Determine the maximum power that the shaft can transmit, knowing that G = 77.2 
GPa, that the allowable shearing stress is 50 MPa, and that the angle of twist must 
not exceed 7.5°. 
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Problem 3.81 


3.81 A steel shaft must transmit 150 kW at speed of 360 rpm. Knowing that G — 
77.2 GPa, design a solid shaft so that the maximum shearing stress will not exceed 
50 MPa and the angle of twist in a 2.5-m length must not exceed 3°. 
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Problem 3.82 



3.^2 A 1,5-m-long tubular steel shaft of 38-mm outer diameter d\ and 30-mm inner 
diameter dj is to transmit 100 kW between a turbine and a generator. Determine 
the minimum frequency at which the shaft can rotate, knowing that G = 77.2 GPa, 
that the allowable shearing stress is 60 MPa, and that the angle of t wist must not 
exceed 3°. 
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Problem 3.83 


r/| — 38 mm 



3.83 A 1.5-m-long tubular steel shaft of 38-mm outer diameter d\ is to be made of a 
steel for which r a n = 65 MPa and G - 77.2 GPa. Kno wing that the angle of twist 
must not exceed 4° when the shaft is subjected to a torque of600 N • m, determine 
the' largest inner diameter dj that can be specified in the design. 
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Problem 3.84 
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3.84 The stepped shaft shown rotates at 450 rpm. Knowing that 
r — 12 nun, determine the maximum power that can be transmitted without 
exceeding an allowable shearing stress of 50 MPa. 
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Problem 3.85 



3.85 The stepped shaft shown rotates at 450 rpm. Knowing that 
r = 5 mm, determine the maximum power that can be transmitted without ex¬ 
ceeding an allowable shearing stress of 50 MPa. 
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Problem 3.86 



3.86 The stepped shaft shown must rotate at a frequency of 50 Hz. Knowing that 
the radius of the fillet is r = 8 mm and the allowable shearing stress is 45 MPa, 
determine the maximum power that can be transmitted. 


X - 




2 KT 


■J" 

tit ” 3 o v^wi 

„' 0 _ _ Gj* _ ^ 

^ To *- ) 


r 




ire* 1 XK 

Cl ~ o w r ‘5* «.i*a " it? */o 


V' " 8 

= O. 2 &C 6 *? 
K - M2 


<*< 


3 

3o 


A//c luJuhQe. 

i wwwa power- 


Raoh^ Fi^. 3.32 
-r- Tf 

T ~ CMO-itT)- ’ w -- 

P= 2 ft -P T ~ (2tt)CS‘0)(^oX./7') - G 3.S*l c?~ 

?r €3,3 1<W 




Proprietary Material. © 2009 The McGraw-Hill Companies, Inc. All rights reserved. No part of this Manual may be displayed, reproduced, or 
distributed in any farm or by any means, without the prior written permission of the publisher, or used beyond the limited distribution to teachers 
and educators permitted by McGraw-Hiil for their individual course preparation. A student using this manual is using it without permission. 


www.elsolucionario.net 



Problem 3.87 



3.87 Knowing that the stepped shaft shown must transmit 45 kW at a speed of 2100 
rpm, determine the minimum radius r of the fillet if an allowable shearing stress of 
50 MPa is not to be exceeded. 
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Problem 3.88 


■i 




3.88 The stepped shaft shown must transmit 45 kW. Knowing that the allowable 
shearing stress in the shaft is 40 MPa and that the radius of the fillet is r ~ 6 mm, 
determine the smallest permissible speed of the shaft. 
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Problem 3,89 



3.89 In the stepped shaft shown, which has a fuii quarter-circular fillet, the 
allowable shearing stress is 80 MPa. Knowing that D - 30 mm, determine the 
largest allowable torque that can be applied to the shaft if (a) d~ 26 mm, (b) d- 24 
mm. 
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Full quarter-circular fillet 
extends to edge of larger shaft 


3.90 In the stepped shaft shown, which has a full quarter-circular fillet, 
D — 30 mm and d — 25 mm. Knowing that the speed of the shaft is 2400 rpm 
and that tire allowable shearing stress is 50 MPa, determine the maximum power 
that can be transmitted by the shaft. 
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Problem 3.91 



r = I (D - d) 


Full quarter-circular fillet 
extends to edge oflarger shaft 
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3.91 A torque of magnitude T ~ 22 N ■ m is applied to the stepped 
shaft shown, which has a full quarter-circular fillet. Knowing that D = 
25 mm, determine the maximum shearing stress in the shaft when (a) A — 
20 mm, (b) <1 = 23 mm. 
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Problem 3.92 


r = 32 mm 



3.92 The solid circular shaft shown is made of a steel that is assumed to be 
elastoplastic with ty ~ 145 MPa. Determine the magnitude T of the applied torque 
when the plastic zone is (a) 16 mm deep, (b) 24 mm deep. 
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Problem 3.93 


3.93 A 30-imn-diameter solid rod is made of an elastoplastie material 
with Ty = 35 MPa. Knowing that the elastic core of the rod is of diameter 
25 mm, determine the magnitude of the torque applied to the rod. 


£. ~ 0'O/£~tn 

T-rV 
c 


'ty r 3 & *4 P<\ 


Py - dy - O' 0) 1$ M 


T r - ^ • |cV r 

T= ± ^1-7^ 

T ~2.//»7 Nh|. -« 


Problem 3.94 


c = - 

Avto 

Compute TV 

T r - 

(a ) T - iW-o 

^ TV 

rf - T C 

- «LL . 

7TC* 


3.94 A 50-mm-diameter solid shaft is made of a mild steel that is as¬ 
sumed to be elastoplastie with ijr = 140 MPa. Determine the maximum shear¬ 
ing stress and the radius of the elastic core caused by the application of a torque 
of magnitude (a) 3 kN ■ m, (b) 4 kN • m. 
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Problem 3.95 


S.95 The solid shaft shown is made of a mild steel that is assumed to be 
elastoplastic with G - 77.2 GPa and Xy = 145 MPa. Determine the maximum 
shearing stress and the radius of the elastic core caused by the application of a 
torque of magnitude (a) T - 600 N • m, (/>) T~ 1000 N • m. 
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Problem 3.96 



3.96 The solid shaft shown is made of a mild steel that is assumed to be elastoplastic 
with ty ~ 145 MPa. Determine the radius of the elastic core caused by the 
application of a torque equal to 1.1 7>, where 7> is the magnitude of the torque at the 
onset of yield. 
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Problem 3.97 


3.97 It is observed that a straightened paper clip can be twisted through several 
revolutions by the application of a torque of approximately 60 mN • m. Knowing 
that the diameter of the wire in the paper clip is 0.9 mm, determine the approximate 
value of the yield stress of the steel. 
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Problem 3.98 



3.98 The solid circular shaft shown is made of a steel that is assumed 
to be elastoplastic with t y — 145 MPa and G ~ 77 GPa. Determine the angle 
of twist caused by the application of a torque of magnitude (a) T - 8 kN • nt, 
(b) T = 13 kN • m. 
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Problem 3.99 






3.99 For the solid circular shaft of Prob. 3.95, determine the angle of twist caused by 
the application of a torque of magnitude (a) 7'~ 600 N • m, (b) T— 1000 N * m. 

S.9S The solid shaft shown is made of a mild steel that is assumed to be elastoplastic 
with iy = 145 MPa. Determine the maximum shearing stress and the radius of the 
elastic core caused by the application of a torque of magnitude (a) T~ 600 N • m, (6) 
l T- 1000 N • m. (& - 17.2G-P'*.'). 
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Problem 3.100 



3.100 The shaft AB is made of a material that is elastoplastic with ty= 90 MPa and 
G ~ 30 GPa. For the loading shown, determine (a) the radius of the elastic core of 
the shaft, (A) the angle of twist at end B. 


0-G C. — IX t'vjh'i r 0,017. v>i 


7 r - 2o*<o c fa 


X 7 / _ ]T J% 


tc'r Y 


a 111 I T -• 300 N • m _ , , 

H - %(o.oa'y‘(V>*(Q i ) r 21 N/.hi 

c 3 oO N- vvi > Ty Toia w<’ 17 eiWffe co^ 

V ^ -r / j _ J- ) £il - | _ iLX. «. j _ if K s .gg.f, • - ^ 

3 H c % 1 C s TZ'~ M 0,3i5$S 


T ' 3 oo N-tv, > Ty 


‘ 1 ' C s ’ Tr ' 

- O.G&IO* f r ^( 0 . 63 foZ)( 0 .OiZ)r s.nx/o*™ 

fa) 2* G ~ SOy lo* Pcl 

. VL %T r L ^ (2)(ZHH.2 i i 

& JG- ‘ TVC-'G ‘ TT(o.O|Xf(30*10^ ~ 0.5G0G ^ 

^ r -^1 r r . Q.*. £p -S._ _ 0,734 ^ 

r C T p f /c 0.&S/X.O 


: O- 3J5g.fr 

p^~ *8, fl mtn 


f- 4?. 


Problem 3.101 


3.101 A 30-mm-diameter solid circular shaft is made of a material that 
is assumed to be elastoplastic with r r = 125 MPa and G = 77 GPa. For an 
2,4-tn length of the shaft, determine the maximum shearing stress and the an¬ 
gle of twist caused by a 850 N ■ m torque. 
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Problem 3.102 


3.102 A 18-mm-diameter solid circular shaft is made of materia! that 
is assumed to be elastoplastic with r Y — 140 MPa and G ~ 77 GPa For a 
1 . 2 -m length of the shaft, determine the maximum shearing stress and the 
angle of twist caused by a 200 N • fin torque. 
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Problem 3.103 


3.103 A solid circular rod is made of a material that is assumed to be elastoplastic. 
Denoting by Ty and (py, respectively, the torque and the angle of twist at the onset of 
yield, determine the angle of twist if the torque is increased to (a) T~ 1.1 7>, (h) T= 
1.25 T r , (c) r= 1.3 T r . 
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problem 3.104 r 3 - 104 A 0.9-m-long solid shaft has a diameter of 62 mm and is made 

of a mild steel that is assumed to be elastoplastic with = 147 MPa and 
G = 77 GPa. Determine the torque required to twist the shaft through an an¬ 
gle of (a) 2.5°, ( b) 5°. 
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Problem 3.105 



30 inni 


3.105 For the solid shaft of Prob. 3.95, determine (a) the magnitude of the torque 
T required to twist the shaft through an angle of 15°, ( b ) the radius of the 
corresponding elastic core. 

The solid shaft shown is made of a mild steel that is assumed to be elastoplastic 
with zy - 145 MPa. Determine the maximum shearing stress and the radius of the 
elastic core caused by the application of a torque of magnitude (a) T - 600 N • m, ( b ) 
T~ 1000N• m. (S = 77.X 
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Problem 3.106 



3.106 A hollow shaft is 0.9 m long and has the cross section shown. The steel is 
assumed to be elastoplastic with i r ~ 180 MPa and G = 77.2 GPa. Determine the 
applied torque and the corresponding angle of twist («) at the onset of yield, (h) when 
the plastic zone is 10 mm deep. 
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Problem 3.107 


3,107 A hollow shaft is 0.9 m long and has the cross section shown. The steel is 
assumed to be elastoplastic with ty = 180 MPa and G = 77.2 GPa, Determine the (a) 
angle oftwist at which the section first becomes fully plastic, ( b ) the corresponding 
magnitude of the applied torque. 
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Problem 3.108 
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3.108 A steel rod is machined to the shape shown to form a tapered 
solid shaft to which torques of magnitude T — 8500 N • m are applied. As¬ 
suming the steel to be elastoplastic with r y — 145 MPa and G — 77 GPa, 
determine (a) die radius of the elastic core in portion AB of the shaft, (b) die 
length of portion CD that remains fully elastic. 
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Problem 3.109 



3.109 If the torques applied to the tapered shaft of Prob. 3.108 are 
slowly increased, determine (a) the magnitude T of the largest torques that 
can be applied to the shaft, (b) the length of the portion CD that remains fully 
elastic. 


3.108 A steel rod is machined to the shape shown to form a tapered 
solid shaft to which torques of magnitude T = 8500 N • m are applied. As¬ 
suming the steel to be elastoplastic with r r — 145 MPa and G — 77 GPa, 
determine (a) the radius of the elastic core in portion All of the shaft, (b) the 
length of portion CD that remains fully elastic. 
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Problem 3.110 
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3.110 Using the stress-strain diagram shown, determine (a) the torque 
that causes a maximum shearing stress of J05 MPa in a 20-mm-diameter solid 
rod, (b) the corresponding angle of twist in a ().6-m length of the rod. 
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Problem 3.111 
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3.111 A hollow shaft of outer and inner diameters respectively equal to 
15 mm and 5 mm is fabricated from an aluminum alloy for which the stress- 
strain diagram is given in the diagram shown. Determine the torque required 
to twist a 0,225-m length of the shaft through 10°. 
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Problem 3.112 


3.112 A solid aluminum rod of 40-mm diameter is subjected to a torque that 



uAevve. -VLa in leg X is 
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Problem 3.113 






3.113 The curve shown in Fig. P3.112 can be approximated by the relation 
■t — 27,8 x 10 9 y - 1.390 x lO'V 
Using this relation and Eqs. (3.2) and (3.26), solve Prob. 3.112. 

3.112 A solid aluminum rod of 40-mm diameter is subjected to a torque which 
produces in the rod a maximum shearing strain of 0.008. Using the x-y diagram 
shown for the aluminum alloy used, determine (a) the magnitude of the torque 
applied to the rod, (6) the angle of twist in a 750-mm length of the rod. 
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Problem 3.114 



3.114 The solid circular drill rod AB is made of a steel that is assumed 
to be elastoplastic with r r — 154 MPa and G ~ 77 GPa. Knowing that a torque 
T = 8475 N • m is applied to the rod and then removed, determine the maxi¬ 
mum residual shearing stress in the rod. 


SOLUTION 

r « 3 -o M m /a 

|c i = | (0‘Oi)* - t‘2-7z 

% - &'£$><> Htn 

0*0 

LoaJm^: T = iV74" 

T- 

4 = 1 --SI . 

C T y too 


£? . 
C ' 


p r - o*tt7i°i - to 7 


Un jPoaaf t«^ * 

At p - C 

At p - py 


'Rest'ejfua.^ - 

At /> * c 



~ T£ 

J 

(ZvnA)tO'oi) 

l-xit-tto* 


v*7k c»r£ I “ hJ 

7 <?d> M /^V|. 


* r AU ~ r' 

r r<a - !Srt+ _ Zoo * - MP*\ 

* /rv- - *)$r =■ m f(\_. 


to A 


Proprietary Material. © 2009 The McGraw-Hill Companies, tnc, AH rights reserved. No part of this Manual may be displayed, reproduced, or 
distributed in any form or by any means, without the prior written permission of the publisher, or used beyond the limited distribution to teachers 
and educators permitted by McGraw-Hill for their individual course preparation. A student using this manual is using it without permission. 


www.elsolucionario.net 



Problem 3.115 3.115 In Prob. 3.!14, determine the permanent angle of twist of the rod. 

3.114 The solid circular drill rod AB is made of a steel that is assumed 
to be elastoplastic with r y — 154 M Pa and G — 77 GPa. Knowing that a torque 
T ~ 8475 N • m is applied to the rod and then removed, determine die maxi¬ 
mum residual shearing stress in die rod. 
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Problem 3.116 


60 mm 



3.116 The hollow shaft shown is made of a steel that is assumed to be elastoplastic 
j with tr~ 145 MPa and G — 77.2 GPa. The magnitude 7’of the torques is slowly 

I increased until the plastic zone first reaches the inner surface of the shaft; the 

torques are then removed. Determine the magnitude and location of the maximum 
r residual shearing stress in the rod. 
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Problem 3.117 


,?.//7In Prob. 3.116, determine the permanent angle of twist of the rod. 
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3.116 The hollow shaft shown is made of a steel that is assumed to be elastoplastic 
with r y= 145 MPa and G - 77.2 GPa. The magnitude T of the torques is slowly 
increased until the plastic zone first reaches the inner surface of the shaft; the 
torques are then removed. Determine the magnitude and location of the maximum 
residual shearing stress in the rod. 
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Problem 3.118 



3.118 The solid shaft shown is made of a steel that is assumed to be elastoplastic 
with zy= 145 MPa and G = 77.2 GPa. The torque is increased in magnitude until 
the shaft has been twisted through 6°; the torque is then removed. Determine (a) 
the magnitude and location of the maximum residua] shearing stress, ( b ) the 
permanent angle of twist. 
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Problem 3.119 



3.119 A torque T applied to a solid rod made ofanelastoplastic material is increased 
until the rod is fully plastic and then removed, (a) Show that the distribution of 
residual shearing stresses is as represented in the figure. ( b ) Determine the 
magnitude of the torque due to the stresses acting on the portion of the rod located 
within a circle of radius 
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Problem 3.120 



3.120 After lhe solid shaft of Prctb. 3.118 has been loaded and unloaded as described 
in that problem, a torque T i of sense opposite to the original torque T is applied to 
the shaft Assuming no change in the value of ipy, determine the angle of twist ip t for 
which yield is initiated in this second loading and compare it with the angle <py for 
which the shaft started to yield in the original loading. 

3.118 The solid shaft shown is made of a steel that is assumed to be elastoplastic 
vvith ty~ 145 MPa and G = 77.2 GPa. The torque is increased in magnitude until 
the shaft has been twisted through 6°; the torque is then removed. Determine (a) 
the magnitude and location of the maximum residual shearing stress, (b) the 
permanent angle of twist. 
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Problem 3.121 




3.121 Using ^1 = 70 MPa and G = 27 GPa, determine for each of the aluminum 
bars shown the largest torque T that can be applied and the corresponding angle 
of twist at end B. 
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Problem 3.122 
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3.122 Knowing that the magnitude of the torque T is 200 N • m and tliat G = 21 
GPa, determine for each of the aluminum bars shown the maximum shearing 
stress and the angle of twist at end B. 
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Problem 3.123 

<i-r T 


50 mm - 



3.123 Using r m ~ 50 MPa and knowing that G = 39 GPa, determine 
for each of the cold-rolled yellow brass bars shown the largest torque T that 
can be applied and the corresponding angle of twist at end B. 
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Problem 3.124 
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3.124 Knowing that F — 800 N • m and that G = 39 ClPa, determine 
for each of the cold-tolled yellow brass bats shown the maximum shearing stress 
and the angle of twist of end B. 
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Problem 3.125 



a 

U 


2o 

to 


3.125 The torque T causes a rotation of 2° at end B of the stainless steel bar 
shown. Knowing that b - 20 mm and G - 75 GPa, determine the maximum 
shearing stress in the bar. 
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Problem 3.126 



3.126 The torque T causes a rotation of 0.6° at end B of the aluminum bar shown. 
Knowing that b - 15 mm and G - 26 GPa, determine the maximum shearing 
stress in the bar. 
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Problem 3.127 3.127 Determine the largest allowable square cross section of a steel shaft of 

length 6 m if the maximum shearing st ress is not to exceed 120 MPa when the shaft is 
twisted through one complete revolution. Use G ~ 77.2 GPa. 
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Problem 3.128 3.128 Determine the largest allowable length of a stainless steel shaft 

of 9 X 18 mm cross section if the shearing stress is not to exceed 105 MPa 
when the shaft is twisted through 15°. Use G = 77 GPa. 
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Problem 3.129 


3.129 Each of the three steel bars shown is subjected to a torque of magnitude T~ 
275 N • m. Knowing that the allowable shearing stress is 50 MPa, determine the 
required dimension b for each bar. 
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Problem 3.130 



3.130 Each of the three aluminum bars shown is to be twisted through an angle of 
2°. Knowing that b - 30 mm , r ;;1 , = 50 MPa, and G = 27 GPa, determine the 
shortest allowable length of each bar. 
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Problem 3.131 



3.131 Each of the three steel bars is subjected to a torque as shown. 
Knowing that the allowable shearing stress is 56 MPa and that b — 38 nun, 
determine the maximum torque T that can be applied to each bar. 
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Problem 3.132 

r 


3.132 Each of the three aluminum bars shown is to be twisted through an angle 
of 2°. Knowing that b = 30 mm , r# = 50 MPa. and G - 27 GPa, deteimine the 
shortest allowable length of each bar. 
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Problem 3.133 



3.133 Shafts A and B are made of the sane material and have the same cross- 
sectional area, but A has a circular cross section and B has a square cross section. 
Determine the ratio of the maximum torques 7> and Tg that can be safely applied 
to A and B, respectively. 
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Problem 3.134 
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3.134 Shafts A and B are made of the same material and have the same length and 
cross-sectional area, but A has a circular cross section and B has a square cross 
section. Determine the ratio of the maximum values of the angles <p A and tpg 
through which shafts A and B, respectively, can be twisted. 
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Problem 3,135 
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3.135 A 340 N ■ m torque is applied to a 1.8-m-long steel angle with 
an LI02 X 102 X 9.5 cross section. From Appendix C, we find that the thick¬ 
ness of the section is 9.5 mm and that its area is 1850 mm 2 . Knowing that 
G = 77 GPa, determine (a) the maximum shearing stress along line a-a, ( b ) 
the angle of twist. 
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Problem 3.136 


3.136 A 3-m~Iong steel angle has an L203 x 152 x 12.7 cross section. From 



Appendix C we find that the thickness of the section is 12.7 mm and that its area 
is 4350 mm 2 . Knowing that r M = 50 MPa and that G = 77.2 GPa, and ignoring the 
effect of stress concentration, determine («) the largest torque T that can be 
applied, (b) the corresponding angle of twist. 
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Problem 3.137 



3.137 An 2.4-ni steel member with a W200 X 46.1 cross section is sub¬ 
jected to a 560 N • m torque. The properties of the rolled-steel section are given 
in Appendix C. Knowing that G - 77 GPa, determine (a) the maximum shear¬ 
ing stress along line a~a, (b) the maximum shearing stress along line b~b, (c) 
the angle of twist. (Hint: consider the web and flanges separately and obtain a 
relation between the torques exerted on the web and a flange, respectively, by 
expressing that the resulting angles of twist are equal.) 
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Problem 3,138 


W250 X 58 



3.138 A 3-m-long steel member has a W250 x 58 cross section. Knowing that G 
~ 77.2 GPa and that the allowable shearing stress is 35 MPa, determine («) the 
largest torque T that can be applied, ( b) the corresponding angle of twist. Refer to 
Appendix C for the dimensions of the cross section and neglect the effect of stress 
concentrations. (See hint of Prob. 3.137.) 
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Problem 3.139 
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3.139 A torque T= 5 kN • m is applied to a hollow shaft having the cross section 
shown. Neglecting the effect of stress concentrations, determine the shearing 
stress at points a and b. 
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Problem 3.140 


A torque 7' ~ 750 kN • m is applied to the hollow shaft shown that has a 
uniform 8-rnm wall thickness. Neglecting the effect of stress concentrations, 
determine the shearing stress at points a and b. 
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Problem 3.141 



- 


3.141 A 750-N • m torque is applied to a hollow shaft having the cross section 
shown and a uniform 6-mm wall thickness. Neglecting the effect of stress 
concentrations, determine the shearing stress at points a and b. 
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Problem 3.142 


3.142 A 90-N ■ m torque is applied to a hollow shaft having the cross section 
shown. Neglecting the effect of stress concentrations, determine the shearing 
stress at points a and b 
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Problem 3.143 


3.143 A hollow brass shaft has the cross section shown. Knowing that 
the shearing stress must not exceed 84 MPa and neglecting the effect of stress 
concentrations, determine the largest torque that can be applied to the shaft. 
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Problem 3.144 



3.144 A hollow member having the cross section shown is formed from sheet 
metal ol 2-mm thickness. Knowing that the shearing stress must not exceed 3 
MPa, determine the largest torque that can be applied to the member. 
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Problem 3.145 



[•<-— 75 mm —►] 
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3.145 and 3.146 A hollow member having the cross section shown is to 
be formed from sheet metal of 1.5 nun thickness. Knowing that a 140 N • m 
torque will be applied to the member, determine the smallest dimension d that 
can be used if the shearing stress is not to exceed 5 MPa. 
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Problem 3.146 


)mm_ d 



[*— 75 mm —*| 


3.145 and 3,146 A hollow member having the cross section shown is to 
be formal from sheet metal of 1.5 mm thickness. Knowing that a 140 N • m 
torque will be applied to the member, determine the smallest dimension d that 
can be used if the shearing stress is not to exceed 5 MPa, 
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Problem 3.147 
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3.147 A hollow cylindrical shaft was designed with the cross section shown in 
Fig. (/) to withstand a maximum torque To • Defective fabrication, however, 
resulted in a slight eccentricity e between the inner and outer cylindrical surfaces 
of the shaft as shown in Fig. (2). (a) Express the maximum torque T that can be 
safely applied to the defective shaft in terms of 7o , e, and t. (b) Calculate the 
percent decrease in the allowable torque for values of the ratio e/t equal to 0.1, 
0.5, and 0.9. 
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Problem 3.149 




3.149 Equal torques are applied to thin-walled tubes of the same length L , same 
thickness t, and same radius c. One of the tubes has been slit lengthwise as 
shown. Determine (a) the ratio t t, h a of the maximum shearing stresses in the 
tubes, ( b ) the ratio <pb / <f a of the angles of twist of the shafts. 
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Problem 3.150 



3.150 A hollow cylindrical shaft of length /., mean radius c m , and uniform 
thickness t is subjected to a torque of magnitude T. Consider, on the one hand, 
the values of the average shearing stress r ave and the angle of twist <p obtained 
from the elastic torsion formulas developed in Secs. 3.4 and 3.5 and, on the other 
hand, the corresponding values obtained from the formulas developed in Sec. 3.13 
for thin-walled shafts, (a) Show that the relative error introduced by using the 
thin-walled-shaft formulas rather than the elastic torsion formulas is the same for 
r ave and <p and that the relative error is positive and proportional to the ratio t /c m . 
(b) Compare the percent error corresponding to values of the ratio t/c„ of 0.1,0.2, 
and 0.4. 
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Problem 3.151 


3.151 Knowing that a 10 mra-diameter hole has been drilled through each 
of the shafts AB, BC, and CD, determine (a) the shaft in which the maximum 
shearing stress occurs, (b) the magnitude of that stress. 
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Problem 3.152 




;«)() mm 

J 




3.152 A steel pipe of 300-mm outer diameter is fabricated from 6-mm- 
tbick plate by welding along a helix which forms an angle of 45° with a plane 
perpendicular to the axis of the pipe. Knowing that the maximum allowable ten¬ 
sile stress in the weld is 84 MPa, determine the largest torque that can be applied 
to the pipe. 
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Problem 3.153 
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3.153 For the aluminum shaft shown (G = 27 GPa), determine (a) the torque 
T that causes an angle of twist of 4°, (t>) the angle of twist caused by the same 
torque T in a solid cylindrical shaft of the same length and cross-sectional area. 
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Problem 3.154 



3.154 The solid cylindrical rod BC is attached to the rigid lever AB and to the 
fixed support at C. The vertical force P applied at A causes a small 
displacement A at point A. Show that the corresponding maximum shearing 
stress in the rod is 
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2 La 

where d is the diameter of the rod and G its modulus of rigidity. 
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Problem 3.155 


in m ^ 


250 mm 


f 

1 38 mm 
HA kN ■ m 


3.155 Two solid steel shafts (G = 77.2 GPa) arc connected to a coupling disk 
B and to fixed supports at A and C. For the loading shown, determine (a) the 
reaction at each support, (b) the maximum shearing stress in shaft All, (c) the 
maximum shearing stress in shaft BC. 

5Uft A 6 

T - Tab > L A0 ~ 0.ZO&»~ j C. - }[J * ZS wiwr - 

J Aa =• JCo.OZsY*" CIS.St ^loT^ U 

cp~. H»Jz^ 

^ G-J.* 


T A0 - <Pb - ( 1 2 * / O* )fc i 3 .5 '7 * (D J ^ _ 23£ ( g<f?Wo* <£>„ 


0. 2. co 


SUil BC 


| sc 3 L g, t ~ 0.2-5O wn ^ C — f’d - l*i ~ O. OP no 


J 6e - = -Co.anY ~ 209 . 71 wo 7 vU 


_ 'fci-Bc 


T - cfi - ... ( . 2 . ?: 2 * ^^ 7/ v q ) r S3. a\M * lo S 

8C - 1 - ™ Q.25"o 


ui’ J i £)nUwc of CoopJ’ di'S.k'. X ~ Tab + Tg 4 


I.Hx/o'- 23<i. SHlx-fo* 4- 63.214 x (o* 9? p 
cpe ~ H. G>C£> 7 v /o 

X 6 - U3C.8‘f7y/o 3 )(W.^^S7>'/o' , ) r l.loSO&vlO* |\|-w» 

T 8c . r v fo 3 )(4.£657>< /O 3 ) ~ 279, 14 m 

(a) /?<gi.c^7gns qjf supports „ t a - • 

^AR ‘ 


T. - T..- IIOSN-w 


(Vi Fio^&ryv'O^ s4t-ess in A 6 

_ "W,c (/./O5'c6><!o 3 'yo. <?25') 


<5/S.57 v/c.-t 


- 4U0v(O 6 Pa 


f c - Xc ~ 27V m ^ 


CV-9<r.o HPol 


(Cl si\ S^v-CSS iv> JBC. 

- JszS.- {tVL w Vo-QiP _ 

T0C ‘ J 6o ' 2*4.11 x lo' 1 * 


- 27. V x /o 7 R< 


r gc - zia MPa. 


Proprietary Material. © 2009 The McGraw-Hill Companies, tnc. All rights reserved. No part of this Manual may be displayed, reproduced, or 
distributed in any form or by any means, without the prior written permission of the publisher, or used beyond the limited distribution to teachers 
and educators permitted by McGraw-Hil! for their individual course preparation. A student using this manual is using it without permission. 


www.elsolucionario.net 




Problem 3.156 
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3.156 The composite shall shown is twisted by applying a torque T at end A. 
Knowing that the maximum shearing stress in the steel shell is 150 MPa, 
determine the corresponding maximum shearing stress in the aluminum core. 
Use G = 77.2 GPa for steel and G~ 27 GPa for aluminum. 
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Problem 3.157 


iO*\ e> I e s 


3.157 In the gear-and-shaft system shown, the shaft diameters are 
d AJ) = 50 mm and d CD — 38 mm. Knowing that G — 77 GPa, determine the 
angle through which end D of shaft CD rotates. 
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Problem 3.158 


CJLr 1 



\ 

\ 

\ 

' \ 


3.158 A torque T is applied as shown to a solid tapered shaft Ali. Show by 
integration that the angle of twist at A is 
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Problem 3.159 


3.159 A 38-mtn-diameter steel shaft of length 1.2 m will be used to trans¬ 
mit 45 kW between a motor and a pump. Knowing that G — 77 GPa, deter¬ 
mine the lowest speed of rotation at which the stress does not exceed 60 MPa 
and the angle of twist does not exceed 2°. 
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Problem 3.160 


3.160 Two solid brass rods AB and CD are brazed to a brass sleeve EF. 
Determine the ratio dtldj for which the same maximum shearing stress occurs 
in the rods and in the sleeve. 
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J -tt r ^ TTY/- 9 . 




H % 

C, -- <vc, 


U+ x ^ 


x 4 -1 - x ^ x - ymr 

Solde Successive c^rya ro X two &_✓/", 5 vuiplr X 0 s 1.0, 

VT = % x SfzlUT = x 3 - yXTiT - 

X 4 - ~^2.2%o - \.ZZ\j * -j 2-7Z I ~ I- 2.2.1 Cconi/«vrj«^) # 

_. 1 ^ /i > 


I.Uo 


X 


22./ 


c, 


L2.XI 


4 


L23-I 
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Problem 3.161 



320 min 


580 mm 


3.161 One of the two hollow steel drive shafts of an ocean liner is 75 m long 
and has the cross section shown. Knowing that G = 77.2 GPa and that the 
shaft transmits 44 MW to its propeller when rotating at 144 rpm, determine 
(a) the maximum shearing stress in the shaft, ( b ) the angle of twist of the 
shaft. 

L 75 m, l**H - X.H Hz 

P- 44 pi v 44 x io e yf 
p * 2Ttf r 


i" _ -E- _ 44wo 6 „ .... c 


c* 

Ct 

or 

(a) 

Cb) 


- l&o ^ ~ O. UO ^ 

x 

~ - - l*\0 hm - 0. 240 

f (6.210 1 * - a /££>*) “ /O. 08 X 

t' r =- (£112$ x 1 ° ‘ -)(°-r S3."? >f|0 4 Pol - g3.3 MPft- 

cf Io.OZaIO’* 

- —• - - 22>l.cj*io s r*4 = /6.lS° 

J G\T (77* 10^XlO-°& wo -1 ^ 


: to rn 


«*•* 


Problem 3.162 







3.162 Two shafts are made of the same material. The cross section of shaft A 
is a square of side b and that of shaft B is a circle of diameter b. Knowing that 
the shafts are subjected to die same torque, determine the ratio t a ! tb of the 
maximum shearing stresses occurring in the shafts. 


C, -0.2os Cut if =U) 

T 

0.2.0S i>3 







Tc 


2 r _ is r 


_J-JL- 

O.zob It 


TTC 3 

0. loos W 


IT U 3 


L& 


- *** 
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PROBLEM 3.0 


fell Element ii 



3.C1 Shaft <4,0 consists of n homogeneous cylindrical elements, which 
can be solid or hollow. Its end A is fixed, while its end B is free, and it is sub¬ 
jected to the loading shown. The length of element i is denoted by L h its outer 
diameter by 0D h its inner diameter by /D„ its modulus of rigidity by G„ and 
the torque applied to its right end by T„ the magnitude T, of this torque being 
assumed to be positive if Tj is observed as counterclockwise from end B and 
negative otherwise. (Note that //>, = 0 if the element is solid.) (a) Write a com¬ 
puter program that can be used to determine the maximum shearing stress in 
each element, the angle of twist of each element, and the angle of twist of the 
entire shaft, (b) Use this program to solve Probs. 3.35 and 3.38. 


Element 1 


SOLUTION 


For <TV/ ///dz/cal F7rn?n 


L. 


C>Dy 

** J 


lD C 3 


% , T l 


Ff/D -iPot£~ 

J L - (*/3 2 )( op/^ Ip/) 


OOTL/Oli Qjf f-RPOPOOM 

UR D*) 7Tc>/?&l>e 7- 7~F 71 

Of/O CcM/'OVs* 

T«v c - -T (0P £ J2)/J £ 
pH/£ - ~T~ Jl 

pP6L£ OP 7~W/S7 aF £//7~'//r R/)RP7~ ) F7TR07///7 

(~> ' G>J yRPfiVtr 77//? OU 7-A) 7? ' fk 

(£> = <s>*- P#'£ 


p72C>7>R/FM 007 pi) 7' 


Problem 


3.35 


Element 


Maximum Stress 
(MPa) 


Angle of Twist 
(degrees) 


1.0000 11.9575 1.3841 

2.0000 23.0259 1.8323 

Angle of twist for entire shaft = 3.2164 


Problem 


3.38 


Element 


Maximum Stress 
(MPa) 


Angle of Twist 
(degrees) 


1.0000 87.3278 4.1181 

2.0000 56.5884 1.0392 

3.0000 70.5179 0.8633 

Angle of twist for entire shaft = 6.0206 
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PROBLEM 3.C2 



If 2 A, 


3.C2 The assembly shown consists of n cylindrical shafts, which can be 
solid or hollow, connected by gears and supported by brackets (not shown). 
End Aj of the first shaft is free and is subjected to a torque T 0 , while end 
of the last shaft is fixed. The length of shaft Afi, is denoted by L„ its outer di¬ 
ameter by ODj, its inner diameter by /£),, and its modulus of rigidity by G,-. 
(Note that ID, ~ 0 if the element is solid.) The radius of gear A, is denoted by 
a„ and the radius of gear II, by b,. (a) Write a computer program that can be 
used to determine the maximum shearing stress in each shaft, the angle of twist 
of each shaft, and the angle through which end A t rotates, (b) Use this program 
to solve Prob. 3.40 and 3.44. 

SOLUTION 

ToR&bf /-V &//T£f? 17 

Foe e#c~h j&s* BAtrziz 
L i ,D i 

Compute '. Ji ~ l 77 ?s'?)I ~il£') 

7* u i - n 

P»u * t l k/k -4 

fiN&e or eo 779 -r/oo 

(ompd T£ (Zarar/csv f\t 7~mf "P>" £'/v gf £nc.H £RAfr~ 

w/T'A' AH&U? - GNO UpPAFfT 

R12&S-I 2? yg* 1, /ftfO F)OP fp/. 

flNUeT - /S)H6Ur (Rt)/s^ / + PM _ s 


FPOl, 2At± gyuiror 


Shaft No. Max Stress t 

(MPa) 

1 62.17 

2 84.80 

Angle through which A1 rotates 


Angle of Twist 
(degrees) 
1.472 
1.719 




wpor 


Shaft No. 


Max Stress 
(MPa) 
382.17 
191.09 
95.55 


Angle of Twist 
(degrees) 

22.403 
11.202 
5.601 


Angle through which A1 rotates ~ 22.403° 
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PROBLEM 3.C3 


Element 7 * 



Element 


3.C3 Shaft AB consists of n homogeneous cylindrical elements, which 
can be solid or hollow. Both of its ends are fixed, and it is subjected to the 
loading shown. The length of element i is denoted by L„ its outer diameter by 
01),, its inner diameter by 1D„ its modulus of rigidity by G h and the torque ap¬ 
plied to its right end by T„ the magnitude 7', of this torque being assumed to 
be positive if T f is observed as counterclockwise from end B and negative oth¬ 
erwise. Note that ID f = 0 if the element is solid and also that T, = 0. Write a 
computer program that can be used to determine the reactions at A and B, the 
maximum shearing stress in each element, and the angle of twist of each ele¬ 
ment. Use this program (a) to solve Prob. 3.155/6) to determine the maximum 
shearing stress in the shaft of Example 3.05. 

SOLUTION Cof^)j>fTZ TtfF PEACT/oT) rf~r 3 fiS 

Ve-potfvmr ah 9 /2f leash 7?>b *7 S, 


Compote 


1 7g -o: 


Foe EHcH ElTFEHT , FfiTeO. 

L L , °°i , >°L ? , ^2 0{££ 7 t = T e zty 

Jc - <D?) 

T* 7 + t £ 

A PO CO> Mpu7tr PER PAc» • P7l-Ml~Ny 

TnUi - r (aic/i),U L 

PWl r T Li/GiJi 

<Ccjm eoTip cig,j rssxg wte <S> Ptsxp 

u e w//^ T/ievut,, -» e/ 

. ©Z = <% + PHI t " f 

Cj&MPOTF <&rj fiU F Tz> UNIT 7Z>R<&UE A T 3 

UM7- 77)U L * OV L jzJl 

ON )7 PMl ~ L-ii&iJi 

For 7) 

U/V/r& & U) - VAJ>rG> & /1) t (JN/T PF/j 

Pos/ 7 ?OH ! 

ffr r&7x>L qn<szp er a to of fero. •£»-/■ 7e( liN>T £'J'»)) - 0 




UA'trGg*)') 

To- z;nt)t7s 


fZ>(2 JrA<CP FlpAEpT/F : MAX S/PESS: 70770 77 HJ l - 7ftl>{ 77 ^ ((jN>7 7n 

flO/lP or 7W/JT! ~7Z7fiL = PP/£ +r s /oN)~)*»t t ) 


PpoFfififo Output 


Problem 3.155 


-0.295 kN*m 
-1.105 kN*m 


Element 


tau max 
(MPa) 
-45.024 
27.375 


Angle of Twist 
(degrees) 
-0.267 
-.267 


Problem 3.05 


TA * -69.767 Nm 

TB = -50.232 Nm 
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3.C4 The homogeneous, solid cylindrical shaft AB has a length L, a di¬ 
ameter d, a modulus of rigidity G, and a yield strength t y . It is subjected to a 
torque T that is gradually increased from zero until the angle of twist of the 
shaft has reached a maximum value <f> m and then decreased back to zero, (a) 
Write a computer program that, for each of 16 values of <f> m equally spaced 
over a range extending from 0 to a value 3 times as large as the angle of twist 
at the onset of yield, can be used to determine the maximum value T„ of the 
torque, the radius of the elastic core, the maximum shearing stress, the per¬ 
manent twist, and the residual shearing stress both at the surface of the shaft 
and at the interface of the elastic core and the plastic region, (b) Use this pro¬ 
gram to obtain approximate answers to Probs. 3:114, 3.115, and 3.118. 


SOLUTION 



AT Oft SAT 0£ YtfLO 


Y Y 


J 

iC 


77" 3 




_ 2LL _ 12£L)±- 2LL 


GJ 


- C c /£J 


eC & 




fV* 


-~~ir 

3 

. 4, 




b* 


nil 


(0 

£ 0 .( 2 ) 


\JUL2ADIn 6 (SLASTtt) 



fa 


T.- 7 “ 

V % J 

! *- 


f\h6l£ op -r*»£7 pars v/vio &£>/*/ 
7?>U AT fc. 

TAO AT p^-py 


^UPeftFbSf LOAD/M AAO L)h>L6AD} H6 

/o/e c£~0 -TO OS/ft£ 0.2 4y lPClZ£h*e-n-rf 

men $t<4y ! fV'jrf fcYyyy 

V-SHfN <p > <p y i tjSiF £&(>) p?y OS£ fG(z) 

PfS/PDAL t fa fa 7T~^ ^ 

^2 


CONTINUED 
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PROBLEM 3.C4 - CONTINUED 


Interpolate between values at the values oF T m .., or indicated 

Problem 3.114 and 3.115 


t 


PHtM 

TM 

kNtn 

rum 

TAUM 

MP<\ 

PHlP 

bey 

fAUPl 

7AURZ 

MPa 


0 

O 


O 

O 

O 

O 



4“ ©VI 

%o< kkO 


O 

0 

0 



P*/77 



7 *4/7 

*■©* JP*? 

-32'IW 

a* 

2 b* bbo 

?*7H 


1* Is Mo 


6M/7 

-4£'8ll 

kHth. 

I/P. 11 j 


(0‘ Ibe 

ISktfO 

46* / i <? 




Problem 3. 

118 







PHIM 

deg 

TM 

kN*m 

RY 

mm 

TAUM 

MPa 

PHIP 

deg 

TAURl 

MPa 

TAUR2 

MPa 



0.000 

0.000 

16.000 

0.807 

0.187 

16.000 

1.614 

0.373 

16.000 

2.421 

0.560 

16.000 

3.228 

0.746 

16.000 

4.036 

0.933 

16.000 

4.843 

1.064 

13.333 

5.650 

1.131 

11.429 

6.457 

1.168 

10.000 

7.264 

1.191 

8.889 

8.071 

1.205 

8.000 

8.878 

1.215 

7.273 

9.685 

1.221 

6.667 

10.492 

1.226 

6.154 

11.300 

1.230 

5.714 

12.107 

1.232 

5.333 


U . uoo 

0.000 

0 

29.000 

0.000 

0 

58.000 

0.000 

0 

87.000 

0.000 

0 

116.000 

0.000 

0 

145.000 

0.000 

0 

145.000 

0.240 

7 

145.000 

0.759 

19 

145.000 

1.405 

31 

145.000 

2.114 

42 

145.000 

2.859 

51 

145.000 

3.624 

59 

145.000 

4.402 

65 

145.000 

5.188 

71 

145.000 

5.980 

76 

145.000 

6.776 

81 


.000 0.000 

.000 0.000 

.000 0.000 

.000 0.000 

.000 0.000 

000 0.000 

198 -20.363 

486 -30.719 „ cb - ^ 

542 -36.533 Vn* 

197 -40.046 

354 -42.292 

184 -43.794 

901 -44.837 

699 -45.583 

739 -46.132 

152 -46.543 
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PROBLEM 3.C5 




3.C5 The exact expression is given in Prob. 3.158 for the angle of twist 
of the solid tapered shaft AB when a torque T is applied as shown. Derive an 
approximate expression for the angle of twist by replacing the tapered shaft by 
n cylindrical shafts of equal length and of radius r, ~ (n + i — j)(c/n), where 
i — 1,2Using for T, L, G, and c values of your choice, determine the 
percentage error in the approximate expression when (a) n — 4,(b)n - 8, 
(c) n - 20. (d) n ~ 100. 

F&OM 3.158 £y«<- 7 jr'^eue -estcn r 


SOLUTION 




7 TL 


nTr 6- 

i /'? \ 7~i- 7Z. 

O&J <j? - \J%~jr)~ ^ 


TTo/ys/Perc yyp’hr***- C A s&rtrT' 



^~/t> 




a4-- . Zl±5L 

&J L 

/ 7 u N '7 Vein's r>*=- 7^ L a up rC, 

(A/o 7F: A~y-F<?/F/c v/u-re -r <r/bv 

^/YTTrA? /SY/7/SM Vflt.U£ OF Z&A* FOf* 
£~/ryyf? .7) ~ MfMEet*. cyi.//•<£>&/? SffnP-TT 

i tca vf'W'*’ r =h- 

-h 

Ov7/?u? F&oy&siM 


COEFFICIENT of TL/Gc'4 

Exact coefficient from Prob. 3.158 is 0.18568 
Number of elemental disks = n 


n 

approximate 

exact 

percent error 

4 

0.17959 

0.18568 

-3.28185 

8 

0.18410 

0.18568 

-0.85311 

20 

0.18542 

0.18568 

-0.13010 

100 

0.18567 

0.18568 

-0.00554 
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PROBLEM 3.C6 


(t*—2r- 



3.C6 A torque T is applied as shown to the long, hollow, tapered shaft 
AB of uniform thickness t. The exact expression for the angle of twist of the 
shaft can he obtained from the expression given in Prob. 3.153. Derive an ap¬ 
proximate expression for the angle of twist by replacing the tapered shaft by 
n cylindrical rings of equal length and of radius r, = (« + <- \){c/n), where 

i — 1,2. n. Using for T, L, G, c and t values of your choice, determine 

the percentage error in the approximate expression when (a) n ~ 4, ( b ) n = 8, 
(c) n ~ 20, (ri) n - 100. 

SOLUTION 

fa/MOr ~7? J f SMtefT 'J- toot c «l f 7>/-~ F 

J £ firl/O WF CAH Uitr £ 

cr T/tf >5 <?Yl/»0£tCAL 


fate C<F 

i£J2- iar>(P=~ 





-X— ^ 


r c „(-» + l-£)( %) 

J, « (?trr L t)r *- Zirt Q 


far 


um 7 vflLots /ron "j; l / eS~ it 

(#a7£! jZ'P&tfaF/C U/UuFT Sir /F £>£F'/2Fo) 

Jrfafa'A //Y/T/tfC It/ft t'F <£iF 

/FF'FFF faf s A 'UMKZirte ot- c 42/A'6£ 

fapn L ~ 1 7& yij UPP/TTF cf> 

<tp rr F A rf- 

faurPPF &F fa 

COEFFICIENT of TL/Gtc'S 

Exact coefficient from Prob. 3.153 is 0.05968 
Number of elemental disks = n 

n approximate exact percent error 

4 0.058559 0.059683 -1.883078 

8 0.059394 0.059683 -0.483688 

20 0.059637 0.059683 -0.078022 

100 0.059681 0.059683 -0.003127 
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Chapter 4 
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Problem 4.1 

20 40 20 


■*-—► 



20 

jH~Ti 

T 

80 

I 

r : L—-Xlr 

.! 
20 


M = .15 kN' • m 




Dimensions in mm 


4,1 and 4.2 Knowing that the couple shown acts in a vertical plane, determine the 
stress at (a) point A, (6) point B. 

FW X = hh* 

Oois,;J/c X,~ Tcf (8o)(l2o} ,> 

I,= \\,5 ZXIo G ^ - tl.SZ*/o-‘ mF 

- CMoi: I -kOiofyo)* 

i 

X 2 “ \J0U7*I0 C L7oC6?x/0" c *F 

5ea+cW X - I, - I,. - ?. 5/333 X/O"* tF 


oti v> -- ** * 0 . 0 * 10 * <x * - 4^ y - - glcxio*- a 


7. 8/333-/0- 


gr r _e/.6HpA. -** 


(W) -0,OGO U 61 S - - _ 0gX,l o% (r,P:p6o) , q L 7xjo 4 1^ 

6 X 7.8 /33V for* 

6g-= 71.7 MRv 


Problem 4.2 


4.1 and 4.2 Knowing that the couple shown acts in a vertical plane, determine the 
stress at (a) point rt, (2>) point 5. 


—7 r — 19 nun 

5 ^v^rl3 on,m M Vp^bN ^ 

30,nm V I, " w IdIo 3 ~ ^Lo-\t)(fi'Ok'\‘ 

■* 120 mm *\ - 2 . -th no ~ & t» v 

For une CiV^ivPo/' cjto’jfj X^ ” *i+ ~ '^fC 0 ' 6 ’^') 

ts /02-}Srx/o%* 

Fov- + k<? jr4mr j X = X, - 7 X i * Z-l&xto - (2 Wez-trx/a*')-fix* yie'^n v 

m; v* •- **$*. 61 = - 4 ^ - r „ S o-h1 MPa 


M = 2 kN 


30 mtn 
30 mm 


120 mm 


'or 0 vr 6 Cir-ciV 




61- - io’lMPa. 


S- 8 =- 4 ^ 

- x MW*/* 


61 = /7-4 
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Problem 4.3 



4.3 A beam of the cross section shown is extruded from an aluminum alloy for 
which try-250 MPa and a v = 450 MPa. Using a factor of safety of 3.00, determine 
the largest couple that can be applied to the beam when it is bent about the a axis. 


- i N)9o<srtJxjl<i S’fv'-ei'. - ~ - I5"0 MP«. 

/ r.S. 3 

-* \ l jl 80 mm ■=• \SO*lO C Pa. 

\t ' v 

fP 24 1’"" of I'oe^ViV 0ula««H Z *M>i% # 

1 tK 4 T ,, i> csz.cixio 3 

v ^ ^ lo nun l lx, 

~ ikOOfetY^ 43.M xlo 3 

(0 -tr- ^ —_ _. ■> a 

//S' */ I 3 “ X t - CS“Z.(> 7 * lo 

X = I, + l x + Ij * t.Ho?bzylo c LWoZvto* 

QT - ~X"~ 1 wi-fh C. ~ ^ (So>) - HO =• O.OHO s rn 

m - %£- - u^os^Dk i i^ s H . m M ^ I tM . w . 


Problem 4.4 4.4 Solve Prob. 4.3, assuming that the beam is bent about they axis. 

ij 1 4.3 A beam of the cross section shown is extruded from an aluminum alloy for 

_ _ which or~ 250 MPa and au = 450 MPa. Using a factor of safety of 3.00, determine 

, ( j. the largest couple that can be applied to the beam when it is bent about the z axis. 

iffbs m|# 3I sfr-ess = ~~~ •= - ISO MP*. 

- .. 111 80 mm F - S 3 * 6 ° 

- ISO Ylo‘ Pex 

• 0 m 24 mm 

■■kC _i__ Moi*ie ,1 T ot tn£/-4 lex c/^oJT y-c-^zis , 

vyj_ 16inn , l t - ji&XlC') +(8o)Ot)(l&) 1 - 3SH. 987* lo 3 

I r £ (z/)(l(.T ? |<? . <*23 Wo* *«*/* 

/M'4 I a = I. - 3 SH.fsytio* 

t —4 

£l Lzl I = r, + l* * I 3 - 120.1*10 ^ - 7ZO^«{o' m’ 

- wi4A c = i(H8) * 2Y ~.~1 T O.OZH tv, 

i- g HSIxlJtJ.™ M.H.Slkhl-* — 

C 0.02.f 


W 

y — y 

// 4 
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Problem 4.5 


4.5 The steel beam shown is made of a grade of steel for which oy=250 MPa and au 
- 400 MPa. Using a factor of safety of 2.50, determine the largest couple that can be 
applied to the beam when it is bent about the x axis. 



— x 200 mm 


— -'“10 turn 


►—200 mm —*-\ ]6i 


The vnomev-'f iioev' t 4-c 

■Hi erf a. v-c cJr et w; 4-Va ex. co~fo<J T 


h, * sr b, wyy/ 

j- V/PV777\ X VZ/Z 

^— £) ; —J e—k,—> 



L&^y- ” 2oo f? t - 250 


Uw,-J 


t, r 7 ? k K 3 


X, 1 — ~C^X^o) 3 - 

pp. e-let- 200 — 10 ~ J9f? wirvt 

\ - ^(HoX223) S - /87. 


b« ~ 26o-b?')^6'l’ r ^2S>*v\m 


s:«e+ro« : l x = i;-!., - ios.zoi * io°^ - \os.2~>\*io~ c 

C r “ (3^5 Vmn ” Ci,i3>0> yys 


b *-" “ F.S. 


W/" r 


2.50 


- HPe, - 160»/0 < ’ Pa 


QoS.271* /o C )C 16° */O fc ) 

O.llo 


m r: 

X c. 


— IS *?• £GH *lo f7 * 


H x “ 129.6 UM-** 
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Problem 4.6 

j|V\y 16 mm 


4.6 Solve Prob. 4,5, assuming that the steel beam is bent about the y axis by a couple 
of moment M r 

4.5 The steel beam shown is made of a grade of steel for which ay — 250 MPa and (Tij 
= 400 MPa. Using a factor of safety of 2.50, determine the largest couple that can be 
applied to the beam when it is bent about the x axis. 
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Problem 4.7 

75 mm 

75 ai m i t [ 75 nini 

fiO UN m k\ 

L->-U— 1.5 m . J 


4.7 through 4.9 Two vertical forces are applied to a beam of the cross 
section shown. Determine the maximum tensile and compressive stresses in 
portion BC of the beam. 
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Problem 4.8 

i 2001rim , 


4.7 through 4.9 Two vertical forces are applied to a beam of She cross 
section shown. Determine the maximum tensile and compressive stresses in 
portion BC of the beam. 
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Problem 4.9 


4.7 through 4.9 Two vertical forces are applied to a beam of the cross section 
shown, Determine the maximum tensile and compressive stresses in portion BC of 
the beam. 
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Problem 4.10 


120 mm 

<£-ki 


180mm t 


4,10 Two equal and opposite couples of magnitude M ^ 25 kN - m are applied to the 
channel-shaped beam AR. Observing that the couples cause the beam to bend in a 
horizontal plane, determine the stress at (a) point C. (b) point D, (c) point E. 
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Problem 4.11 



■AM . AM- 

/ TO min 


4.11 Knowing that a beam of the cross section shown is bent about a 
horizontal axis and that the bending moment is hOO N • in. determine the total 
force acting on the shaded portion of the beam. 
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Problem 4.12 


4.12 Solve Prob, 4.11, assuming that the beam is bent about a vertical 
axis and that the bending moment is 900 N *m. 
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4.11 Knowing that a beam of the cross section shown is bent about a 
horizontal axis and that the bending moment is 900 N *m, determine the total 
force acting on (he shaded portion of the beam. 
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Problem 4.13 


-2.16 mm — 


4,13 Knowing that a beam of the cross section shown is bent about a horizontal axis 
and that the bending moment is 6 kN ■ m, determine the totai force acting on the top 
flange. 
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Problem 4.14 


4.14 Knowing that a beam of (he cross section shown is bent about a horizontal axis 
and that the bending moment is 6 kN ■ m, determine the total force acting on the 
shaded portion of the web. 
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Problem 4.15 


4.15 Knowing that for the casting shown the allowable stress is 42 MPa 
in tension and 105 MPa in compression, determine the largest couple M that 
can be applied. 
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Problem 4.16 


T~ 

15 inm 


■40 i 


20 nun 


4.16 The beam shown is made of a nylon lor which the allowable stress is 24 MPa in 
tension and 30 MPa in compression. Determine the largest couple M that can be 
applied to the beam. 
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Problem 4.17 


4.17 Solve Prob. 4.16, assuming that d ~ 40 mm. 
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4.16 The beam shown is made of a nylon for which the allowable stress is 24 MPa in 
tension and 30 MPa in compression. Determine the largest couple. M that can be 
applied to the beam. 
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Problem 4.18 



4.18 and 4.19 Knowing that for tfie extruded beam shown the allowable stress is 120 
MPa in tension and 150 MPa in compression, determine the largest couple M that 
can be applied. 
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4.18 and 4.19 Knowing that for the extruded beam shown the allowable stress is 120 
MPa in tension and 150 MPa in compression, determine the iargest couple M that 
can be applied. 
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Problem 4.20 


■ 10 mm 



4.20 Knowing that for the beam shown tlse allowable stress is 84 MPa 
in tension and 110 MPa in compression, determine the largest couple M that 
can be applied. 
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Problem 4.21 


4.21 A steel band blade, that was originally straight, passes over 
200 mm diameter pulleys when mounted on a band saw. Determine the max¬ 
imum stress in the blade, knowing that it is 0.5 mm thick and 16 mm wide. 
Use E - 200 GPa. 
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Problem 4.22 


4.22 Knowing that <j m — 165 MPa for tiie steei strip AB, determine (a) 
the largest couple M that can be applied, ( b) the corresponding radius of cur¬ 
vature. Use E - 200 GPa. 
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Problem 4.23 



4.23 Straight rods of 6-mm diameter and 30-m length arc stored by coiling the rods 
inside a drum of 1.25-m inside diameter. Assuming that the yield strength is not 
exceeded, determine (a) the maximum stress in a coiled rod, (/>) the corresponding 
bending moment in the rod. Use E= 200 GPa. 
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Problem 4,24 



4.24 A 24 fcN ■ m couple is applied io the W200 * 46.1 rolled-steel beam shown, («) 
Assuming that the couple is applied about ther axis as shown, determine the maximum 
stress and the radius of curvature of the beam. { b ) Solve part a, assuming that the 
couple is applied about thejp axis. Use E = 200 GPa. 
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Problem 4.25 



4.25 A 60 N • m couple is applied to the steel bar shown, (a) Assuming that the 
couple is applied about the z axis as shown, determine the maximum stress and the 
radius of curvature of the bar. ( b ) Solve part a, assuming that the couple is applied 
about the y axis. Use E= 200 GPa. 
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Problem 4.26 


4.26 A couple of magnitude Mis applied to a square bar of side a. For each of the 
orientations shown, determine the maximum stress and the curvature of the bar. 
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Problem 4.27 


4.27 A portion of a square bar is removed by milling, so that its cross section is as 
shown. The bar is then bent about its horizontal axis by a couple M . Considering the 
case where h = 0.9 h a , express the maximum stress in the bar in the form o„, - ka 0 
where a,, is the maximum stress that would have occurred if the original square bar had 
been bent by the same couple M, and determine the value of k. 

1 - HI, f 21, 




e K 3 _ hi 

^ h ? - ' o^o-(3)(o.Dh c ,)(o/nJ') ~ °' 76C> 

6 a O.°\so k =■ 0. Hlo 




Proprietary Material. €> 2009 The McGraw-Hill Companies, Inc. All rights reserved. No part of this Manual may be displayed, reproduced, or 
distributed in any form or by any means, without the prior written permission of the publisher, or used beyond the limited distribution to teachers 
and educators permitted by McGraw-Hill for their individual course preparation. A student using this manual is using it without permission. 


www.elsolucionario.net 





Problem 4.28 


4.28 In Prob. 4.27, determine (a) the value of h for which the maximum stress <r m 
is as small as possible, (6) the corresponding value of k. 



4.27 A portion of a square bar is removed by miiiing, so that its cross section is as 
shown. The bar is then bent about its horizontal axis by a couple M, Considering the 
case where h = 0.9/?„, express the maximum stress in the bar in the form a m = ka 0 
where r/ 0 is the maximum stress that would have occurred if the original square bar had 
been bent by the same couple M, and determine the value of k. 
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Problem 4.29 





4.29 A W200 x 31.3 rolled-steel beam is subjected to a couple M of moment 45 kN • 
m. Knowing that E ~ 200 GPa and v = 0.29, determine (a) the radius of curvature p. 
( b ) the radius of curvature />' of a transverse cross section. 
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Problem 4.30 


4.30 For the bar and loading of Example 4.01, determine (a) the radius 
of curvature p, (fr) the radius of curvature p' of a transverse cross section, 
(c) the angle between the sides of the bar that were originally vertical. Use 
E 200 GPa and v — 0.29. 
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Problem 4.31 


4.31 For the aluminum bar and loading of Sample Problem 4.1, deter¬ 
mine (a) the radius of curvature p’ of a transverse cross section, (b) the angle 
between the sides of the bar that were originally vertical. Use E -- 73 GPa 
and v = 0.33. 
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Problem 4,33 

30 mm 10 nun 

gxM 1*1 i 

Aluminum IFo '] i() mm 


4.33 ami 4.34 A bar having the cross section shown has been formed by securely 
bonding brass and aluminum stock. Using she data given below, determine the largest 
permissible bending moment when the composite bar is bent about a horizontal axis. 
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Problem 4.34 


4.33 and 4.34 A bar having (lie cross section shown has been formed by securely 
bonding brass and aluminum stock. Using (he data given below, determine the largest 
permissible bending moment when the composite bar is bent about a horizontal axis. 
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Problem 4.35 


10 rami 10 mm 
H>~| & 


4.35 and 4.36 For the composite bar indicated, determine the largest permissible 
bending moment when the bar is bent about a vertical axis. 

4.35 Bar of Prob. 4.33. 

4.33 and 4.34 A bar having the cross section shown has been formed by securely 
bonding brass and aluminum stock. Using the data given below, determine the largest 
permissible bending moment when the composite bar is bent about a horizontal axis. 
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Problem 4.36 
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4.35 and For the composite bar indicated, determine the largest permissible 
bending moment when the bar is bent about a vertical axis. 

4.36 Bar of Prob. 4.34. 
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Problem 4.37 



4.37 Three wooden beams and two stee] plates are securely bolted 
together to form the composite member shown. Using the data given below, 
determine the largest permissible bending moment when the member is bent 
about a horizontal axis. 



Wood 

Steel 

Modulus of elasticity 
Allowable stress 

14 GPa 

14 MPa 
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Problem 4.38 


4.38 For the composite member of Prob. 4.37, determine the largest per¬ 
missible bending moment when the member is bent about a vertical axis. 
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4.37 Three wooden beams and two steel plates are securely bolted 
together to form the composite member shown. Using the data given below, 
determine the largest permissible bending moment when the member is bent 
about a horizontal axis. 



Wood 

Steel 

Modulus of elasticity 
Allowable stress 

14 GPa 

14 MPa 

200 GPa 

150 MPa 
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Problem 4.39 
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4.39 and 4.40 A steel bar (A, = 210 GPa) and an aluminum bar (E a = 70 GPa) are 
bonded together to form the composite bar shown. Determine the maximum stress in 
(a) the aluminum, (b) the steel, when the bar is bent about a horizontal axis, with M= 
200 N • m. 
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Problem 4,41 


150 mm 
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4.41 and 4.42 The 150 X 250-inm timber beam has been strengthened 
by bolting to it the steel reinforcement shown. The modulus of elasticity for 
wood is 12 GPa and for steel 200 GPa. Knowing that the beam is bent about 
a horizontal axis by a couple of moment M = 50 kN • m, determine the max¬ 
imum stress in (a) the wood, (b) the steel. 
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Problem 4.42 
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4.41 and 4.42 The 150 X 250 mm timber beam has been strengthened 
by bolting to it the steel reinforcement shown. The modulus of elasticity for 
wood is 12 GPa and for steel 200 GPa. Knowing that the beam is bent about 
a horizontal axis by a couple of moment M 50 kN * m, determine the max¬ 
imum stress in (a) the wood, (/>) the steel. 
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Problem 4.43 


Aluminum 


Problem 4.44 
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Problem 4.45 


50 x 12 mm 



4.43 and 4.44 For the composite bar indicated, determine the radius of curvature 
caused by the coupie of moment 200 N ■ m. 
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4.43 and 4.44 For the composite bar indicated, determine the radius of curvature 
caused by the coupie of moment 200 N - m. 
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4.45 and 4.46 For the composite beam indicated, determine the radius of curvature 
caused by the couple of moment 50 kN • m. 

4.4S Beam of Prob. 4.41 
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4.45 and 4.46 For the composite beam indicated, determine the radius 
of curvature caused by ihc coupie of moment 50 kN • m. 

4.45 Bar of Prob. 4.41, 

4.46 Bar of Prob. 4.42. 
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Problem 4.47 


•10<> min 


i/l 


200 mm 


4.47 A concrete beam is reinforced by three steel rods placed as shown. 
The modulus of elasticity is 20 GPa for the concrete and 200 GPa for the steel. 
Using an allowable stress of 9.45 MPa for the concrete and 140 MPa for the 
steel, determine the largest allowable positive bending moment in the beam. 
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Problem 4.48 
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4.48 The reinforced concrete beam shown is subjected to a positive bending moment 
of 175 kN ■ m. Knowing that the modulus of elasticity is 25 GPa for the concrete and 
200 GPa for the steel, determine (a) the stress in the steel, ( b) the maximum stress in 
the concrete. 




As ~ V- - {‘f)Q)(?sf = L?C3Syto l ^ 
nAc - IS, 7 os x!o* 


Loca+e •fine r.e-Otro] 


«)(1 s 4 


3oo xf- - (/5'.7 o.3x/d 1 )(4So-'X ■) = O 

ISo^+ I S'. 7o?>y/o $ x - = 0 

- IS. 708 WO 3 4-7(1 5: 703* /a 3 ) z 4 (4 )Cl^)(7.5~Sf 8 x /Q 6 

—_______ 


X ~ (7 7, ^7 ho*v> 


4SO-X * 307 . \ 


J “ 2,300 % + ( ts. 10 % *lo 3 )('4gO -X ')*■ 

- i ( 300 )( I77.B7) 3 +0>5:7oSx/o s )r S o7,13 f 


I. x (O /*'!*'. 


I. 6 * IO~ z m* 


(<X) ~ ~~ * — 0.3d 2H$ m 

(5- - ,l*LgXi2£* 2 i2^/o & ?=*_ « hp-^ 

(. ^66 x /er s 

(b'l Cg^ervU .* Sj - f 7 7.87 7 T O- (77S7 JVl 

6- = - t '- OK ,7o’l!f^ al 7''* 7> = ' KiW R, = - /5.S-? H Pa 

L % lo s 


Proprietary Material, © 2009 The McGraw-Hill Companies, Inc. All rights reserved. No part of this Manual may be displayed, reproduced, or 
distributed in any form or by any means, without the prior written permission of the publisher, or used beyond the limited distribution to teachers 
and educators permitted by McGraw-Hill for their individual course preparation. A student using this manual is using it without permission. 


www.elsolucionario.net 




Problem 4.49 
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4.49 Solve Prob. 4.48. assuming that the 300-mm width is increased to 350 mm. 

4.48 The reinforced concrete beam shown is subjected to a positive bending moment 
of 175 kN ■ m. Knowing that the modulus of elasticity is 25 GPa for the concrete and 
200 GPa for the steel, determine (a) the stress in the steel, ( b ) the maximum stress in 
the concrete. 
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Problem 4.50 


4,50 A concrete slab is reinforced by 16-mm-diaineter rods placed on 
140-mm centers as shown. The modulus of elasticity is 20 GPa for the concrete 
and 200 GPa for the steel. Using an allowable stress of 9 MPa for the concrete 
and 140 MPa for the steel, determine the largest bending moment per foot of 
width that can be safely applied to the slab. 
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Problem 4.51 
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4.51 Knowing that the bending moment in the reinforced concrete beam 
is +200 ItN • m and that the modulus of elasticity is 25 GPa for the concrete 
and 200 GPa for the steel, determine (a) the stress in the steel, (b) the maxi¬ 
mum stress in the concrete. 
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Problem 4.52 
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4.52 The design of a reinforced concrete bean is said to be balanced if the maximum 
stresses in the steel and concrete are equal, respectively, to the allowable stresses a, 
and a,.. Show that to achieve a balanced design the distance x front the top of the 
beam to the neutral axis must be 
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where E c and E s are the moduli of elasticity of concrete and steel, respectively, and d 
is the distance from the top of the beam to the reinforcing steel. 
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Problem 4.53 


4.53 For the concrete beam shown, the modulus of elasticity is 25 GPa for the 
concrete and 200 GPa for the steel. Knowing that b ~ 200 mm and d- 450 mm, and 
using an allowable stress of 12.5 MPa for ihe concrete and 140 .MPa for the steel, 
determine (a) the required area A s of the steel reinforcement if the beam is to be 
balanced, ( b ) the largest allowable bending moment. (See Prob. 4.52 for definition of 
a balanced beam.) 
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Problem 4.54 


4.54 For the concrete beam shown, the modulus of elasticity is 25 GPa for the concrete 
and 200 GPa for the steel. Knowing that b ~ 200 mm and d - 450 nun and using an 
allowable stress of 12.5 MPa for the concrete and 140 MPa for the steel, determine (a) 
the required area A . of the steel reinforcement if the beam is to be balanced, (6) the 
largest allowable bending moment. (SeeProb. 4.52 for definition of a balanced beam.) 
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Problem 4.55 


Aluminum 


4.55 and 4.56 Five metal strips, each of 15 x 45-mm cross section, are bonded 
together to form the composite beam shown. The modulus of elasticity is 210 GPa for 
the steel, 105 GPa for the brass, and 70 GPa for the aluminum. Knowing that the 
beam is bent about a horizontal axis by couple of moment 1400 N • m, determine (u) 
the maximum stress in each of the three metals, ( b) the radius of curvature of the 
composite beam. 
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Problem 4.57 



38 mm-*■ 


S-VeeP: X, - F? ( ][ (v*,^ 


4.57 A steel pipe and an aluminum pipe are securely bonded together to form the 
composite beam shown. The modulus of elasticity is 210 GPa for the steel and 70 GPa 
for the aluminum. Knowing that the composite beam is bent by couple of moment 500 N 
• m, determine the maximum stress (a) in the aluminum, (/>) in the steel. 
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Problem 4.58 


Aluminum 



4.58 Solve Prob. 4.57, assuming that the 6-mm-thick inner pipe is made of aluminum 
and that the 3-mm-thick outer pipe is made of steel. 

4.57 A steel pipe and an aluminum pipe are securely bonded together to form the 
composite beam shown. The modulus of elasticity is 210 GPa for the steel and 70 GPa 
for the aluminum. Knowing that the composite beam is bent by couple of moment 500 N 
* m, determine the maximum stress (a) in the aluminum, (6) in the steel. 
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Problem 4.59 


M 



51) mm 



4.59 The rectangular beam shown is made of a plastic for which the 
value of the modulus of elasticity in tension is one-half of its value in com¬ 
pression. For a bending moment M — 600 N * m, determine the maximum 
(a) tensile stress, (b) compressive stress. 
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Problem 4,60 


*4.60 A rectangular beam is made of material for which the modulus of elasticity is 
E, in tension and E e in compression. Show that the curvature of the beam in pure 
bending is 
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Problem 4.61 


4.61 Knowing that the allowable stress for the beam shown is 90 MPa, determine (a) 
the allowable bending moment M when the radius r of the fillets is (a) 8 nun, ( b ) 12 mm. 
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Problem 4.62 


4.62 Knowing that M -250 N m, determine the maximum stress in the beam shown 
when the radius r of the fillets is (a) 4 mm, (b) 8 mm 
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Problem 4.63 


gjgri 
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4,63 Semicircular grooves of radius r must be milled as shown in the sides of a steel 
member. Knowing that M~ 450 N • tn, determine the maximum stress in the member 
when the radius r of the semicircular grooves is (a) r = 9 nun, ( b) r = 18 mm. 
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Problem 4 64 4.64 Semicircular grooves of radius r must be milled as shown in the sides of a steel 

member. Using an allowable stress of 60 MPa, determine the largest bending moment 
that can be applied to the member when (a) r~9 mm, (/;) r = 18 mm. 
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Problem 4.65 


4.65 A couple of moment M ~ 2 kN ■ m is to be applied to the end of a steel bar. 
Determine the maximum stress in the bar (a) if the bar is designed with grooves 
having semicircular portions of radius r = 10 mm, as shown in Fig, 4.65a, (ft) if the 
bar is redesigned by removing the material above the grooves as shown in Fig. 4,65ft. 
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Problem 4.66 


4.66 The allowable stress used in the design of a steel bar is 80 MPa. Determine the 
largest couple M that can be applied to the bar (a) if the bar is designed with grooves 
having semicircular portions of radius r = 15 tntn, as shown in Fig. 4.65n, (ft) if the 
bar is redesigned by removing the material above the grooves as shown in Fig. 4.65ft, 
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Problem 4.67 


4.67 The prismatic bar shown is made of a steel that is assumed to be elastoplastic 
with oy - 300 MPa and is subjected to a couple M parallel to the x axis. Determine 
the moment M of the couple for which (a) yield first occurs, { b ) the elastic core of the 
bar is 4 mm thick. 
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Problem 4.68 



4.68 Solve Prob. 4.67, assuming that the couple M is parallel to the 2 axis. 

4.67 The prismatic bar shown is made of a steel that is assumed to be elastoplastic 
with rj r = 300 MPa and is subjected to a couple M parallel to the x axis. Determine 
the moment A7of the couple for which (a) yield first occurs, ( b ) the elastic core ofthe 
bar is 4 mm thick. 
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Problem 4.69 


•S min 


m • 1(£)‘] 


£ 'V 3 ~ z »r 


4.69 For the steel bar of Prob. 4.70, determine the thickness of 
the plastic zones at the top and bottom of the bar when (a) M — 30 N.m, 
{b) M ~ 35 N.m. 

4.70 A bar having the cross section shown is made of a steel that is 
assumed to be elastoplaslic with E ■■ 200 GPa and <r r = 330 MPa. Determine 
the bending moment M at which (a) yield first occurs, (h) the plastic zones at 
the top and bottom of the bar are 2 mm thick. 
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Problem 4.70 

8 mm 

4.70 A bar having the cross section shown is made of a steel that is 
assumed to be elastoplaslic with E ~~ 200 GPa and a y ----- 330 MPa. Determine 
the bending moment A/ at which (a) yield first occurs, (b) the plastic zones at 
the top and bottom of the bar are 2 nun thick. 


loa I - k~ ik-(£W = 

C. ~ la ~ < Ah'v&a. 


My= 

H r ' >JP-/ 6 a/Av.. -rfjj 

(W y v » c - £p = 


M f ~ "x Mr r 1 

- - I(!■#•/«[i - i(0] M r =JS-7z -B 

Proprietary Material. © 2009 The McGraw-Hill Companies, Inc. Ail rights reserved. No part of this Manual may be displayed, reproduced, or 
distributed in any form or by any means, without the prior written permission of the publisher, or used beyond the limited distribution to teachers 
and educators permitted by McGraw-Hill for their individual course preparation. A student using this manual is using it without permission. 


www.elsolucionario.net 







Problem 4.71 



4.71 The prismatic bar shown, made of a steel that is assumed to be 
elastoplastic with E — 200 GPa and <r Y - 300 MPa, is subjected to a couple 
of 162 N • m parallel to the z axis. Determine (a) the thickness of the elastic 
core, (b) the radius of curvature of the bar. 


(a) X “ £ (p>6U)(o‘Of?) % - g. US v l OhS 
C. - ^ (f'***) - O'0075 ft 

M - ~ (30o*lO 6 ){3'575v}cr 

* C " 0'0075 

- USHh, 

H 


i My [i - 


yr 


M 


- -[-■ 


(M , 

155 ~ 


C 1 ^ - *■ My 

- (0-774-& Yo'OblS') ~ S'SUto'^fr) 

Tlru’c-kv”^rT Cowejr 

e; 




t h (tr h\ht 


(b) = e,f ■* 

(S-BtXfO ^(zeoxto ) 

300 *}0 6 ' 


r 


~ 3'*f fr) 
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Problem 4.72 



4.72 Solve Prob. 4.71, assuming that the 162 N * in couple is parallel to 
the y axis. 

4.71 The prismatic bar shown, made of a steel that is assumed to be 
elastoplaslic with E - 200 GPa and <r Y - 300 MPa, is subjected to a couple 
of 162 N ■ m parallel to the z. axis. Determine (a) the thickness of the elastic- 
core, (b) the radius of curvature of the bar. 


(CO 


I” ^ (0'0/$){t>’0iiy r s >/0 v 
C. - (3.')d?' 0, 2) “ 0‘06b h, 

<% J _ ($00 x j O ^') ( 7'/8 * / O* ) 

C. " O'odb 

~ loq MM 


M 


M 


[i- i&rj 


H 


<? _ _ ,. eet 
3 ^ - O'UfS^ 

~4 


(lY> 


^ - -f3- 

y Y - (o-lbz 0 ! Yo‘ooG ) 

I I'-n'c-lf'ness a~r &J}e&A\c. coice 

7t “ ^r/° 


^Yr ~ 


7L mrn 




/3 ~ Yr £ _ (f Q^4 x /o ^C 200 WO j 

/ GY ' 3ooxio b 


d• £6%& t*) 


(° 


O' 6>~] to 
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Problem 4.73 




4.73 and 4.74 A beam of the cross section shown is made of a steel which is 
assumed to be elastoplastic E - 200 GPa and a, = 240 MPa. For bending about the 
z axis, determine the bending moment at which (a) yield first occurs, (b) the plastic 
zones at the top and bottom of the bar are 30-mm thick. 


( . j 90 mm I - {jf ~ 3.C lQ G -mm -"Z.Cl&IO ** 

C = ^ K = L\S hr yy. ~ Q. 

- Mv'- r 

Y c o.o^s 

^ My = \%m *V'»* — 


as INAXWM iS»> 


U-£t> **.-»! 




P, = 6 ; A, - (2^l0 c )(o.0G0)(O.03o'l 
~ H32 *i0 3 N 

^ tr j STkvjyy, ^ W**7 ~ O* 050 ^ 

~ log x to* M 

j fz - 3" (liT r*>** ) - 10 v*n*> ~ 2.Ol0tv) 


(b) H * 2 CR,y, -> 1? 2 yJ = ^[(^32x/d s )(o.o3o') +({08*!o 3 X o -°l c> ■>] 

= 28.o$* \o % H - 28.1 kN-Hn 
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Problem 4.74 

y\ 


15 mm 



4.73 and 4.74 A beam of the cross section shown is made of a steel that is assumed 
io be elastoplastic with E — 200 GPa and ay = 240 MPa, For bending about the z 
axis, determine the bending moment at which (a) yield first occurs, (b) the plastic 
zones at the top and bottom of the bar are 30 mm thick. 


0 

i i 

■@t~~ ;<§> 


30 mm 



- i 

(p-) Zjj 


30 mm 

_A. 


- -^(3 

t 

30 mm 

_L 


~ 1 ^ 1 S ^ 5 >* 1 C? *Y\rst 

-15 mrn 


“■ ik k' 


30 mm 




X- X(P, 4- I© - 1. x!O c r« n X.- /. gf/ y lo~ c 


C. = r 0.0^/ 5"" m 


fyl _ fan pyj o c )(Lb1'«\o~ c ') 
a " 0.OHS 


\0.O2>»ldr M~w-> 

My - \0.Q% uu-w> 




V« 

Yz. 


Cpqo al O 6 )( O.OZo)(o. 03,0 s ) r- 2 | 6 V / o % N 
t J+ /5 “ 3^ ^~ O, o So ^ 

r * (^4 g* ro 6 *) “ fDS>x/0 3 K/ 

” 3 0-5 } ~ f vvt CS) *OI O Vv^ 


M- - ^ C{?, y, + R^yJ 

- 5 [(2)6*/0^/0,030^ + (/68x/O 3 ')(0.O!S N !] 


IS. 17 *}0 N -M 


M - IS. 12 kAJ-rv, 
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Problem 4.75 


12.5 mm- 




C 


4.75 and 4.76 A beam of the cross section shown is made of a steel 
that is assumed to be elastoplastic E = 200 GPa and try — 300 MPa. For bend¬ 
ing about the z axis, determine the bending moment and radius of curvature at 
which (a) yield first occurs, ( b ) the plastic zones at the top and bottom of the 
bar are 25 mtn thick. 


25 mm 


50 mrii 


501 


tort I = £ lojrf 4 A, *7 -= 
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2 5 mm 


-12.5 mm 
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C ” J> o ^ (vi 
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- -j- -^- -=3S-1W» 


Mr = 


oYi's 


c 



1 \ 

r—i 2 l \ 

ig-- *“* 

—, 



c 

7^ 


f?, ~ 6VA, - (Soono )/t>* 0 7$)(i>t02.$)?kK( 

- z .s+n*sr s 57-r 

R z = i^A*. = i 

= t?%r icAi 

y** 3 


- - t>£) * /£ 4 7 
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Problem 4.76 



(a.) 


4.75 and 4.76 A beam of the cross section shown is made of a steel 
that is assumed to be elastoplastic E = 200 GPa and <r Y = 300 MPa, For bend¬ 
ing about the z axis, determine the bending moment and radius of curvature at 
which (a) yield first occurs, (b) (he plastic zones at the top and bottom of the 
bar are 25 mm thick. 

I, ~ KA* T 'ii(7£)(>s)%-(-7X)(zsr)(3-7‘S) 

= 2-7? 4-37 £>?// 

i* - KK ' ~ 4/7 

I* I, s 27 3 4575 

4 

I ~ I,+ I t 44 - tyol f 67 




So 

6VI (WM 7 7lo ) 

C " o-os 


- W‘H-kJ4*K 




R, - ~ llox>i)o){o>ois) (o-Qta) 

Sr Ml'S kU 

f?2 - *•**)* 

75 «7jT AA/ 


(V> H - 2. ( y t 4 9 t y z ) - X 1 ffb'SXo* 17$ t m-7s)Ccf’ »/U7j\ y^ 3 kK/fnr ^ 
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Problem 4.77 


C : 


- fiO mm —» 


901 


<a*is 



4.77 through 4.80 For the beam indicated, determine (a) the futty plastic moment 
M p , { b) the shape factor of the cross section. 

4.77 Beam of Prob 4.73. 


?RoGL£^ 4.7 2 £ s 200 SBi Cy - kHQ HP*,, 


A, r (So)OsO = 27 OO 


" ^700 y jO~~ 

f? - C y A ( 

- (anoxia - )Cmo2 * io~ c ') 
~ ZnBylO 3 H 
d ~ ns t-nn-, - o.o ns ^ 



l ft 

r*— 

ft 

-=* 

— 


(a.) 

M p = 

(h) 

I 


c - 




k - 


13 


> - - 3.&HS* iO Z v«w, W - S.&iSxtO* Bi* 

o.ons 

, &£ t ■>•*> = , l0 .^ 


i^£ 

My 


C * O.o47 

77. fC 


k - i. SToo 
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Problem 4.79 


4.77 through 4.80 For the beam indicated, determine (a) the fully plas¬ 
tic moment M p , ( b ) the shape factor of the cross section. 

4.79 Beam of Prob. 4.75. 


PR 08 U: H 4-7& E ~ (XvA = 3ctj /h/’a 


12.5 mm- 


-12.5 mm 





* is-f/z-jr =. 37-4' /ui, 

F 2 - (5 r A z ~(^* 
y z ~ x ~ & ' M '*' 1 


Hp - 2 (e,y, + v z y 2 ) - zlcr&'fto-oWH&w-'WjJ * xt-(,k *1 

(Vi J t - iU h? 4 A,o>* - riCis-x^ + ft*) f2r )(n-r) T xi$ ^ 

J[ z - ^ Whfc r 

~ jr, ~ m ~ 37 X fr ^' V ' • 
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<-C 7* 
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/'Mi 7 
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Problem 4.80 


25 mm - 


C 


25 mm 


50 mm 


*— 25 i 


4.77 through 4.80 For the beam indicated, determine (a) the fully plas¬ 
tic moment M r (b) the shape factor of the cross section. 

4.77 Beam of Prob. 4.73. 

4.78 Beam of Prob. 4.74. 

4.79 Beam of Prob. 4.75. 

4.80 Beam of Prob. 4.76. 

VRoSU-M 4.75” £ = <Sy -%csQ.MPq 


25 mm 
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( 3eo no )(0 'i>2£)(Q'Ozs j 
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y z - /2'g- Km, 


Hp ~ 2. (%, v, + 1^ jV^") C<- 5 ‘ v Ji i ) +(^7--r )(«-- 4^*'? ** 


I, = 4- lo.K 3 + A,J ( 7 ' - (7r)/>r) : ^(7^)(Mr) (&•< r)^ r]$4ZlS ^ 
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Problem 4.81 


4.81 and 4.82 Determine the plastic moment M p of a steel beam of the cross section 



U b -J 
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(£0)(3&) = 

IS00 ^ 
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H.4 v lo s 
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28. S'* lo* *«m 3 
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M P = 18.0} UTv)- 
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Problem 4.82 


4.SI and 4.82 Determine the plastic moment M p of a steel beam of the cross section 
shown, assuming the steel to be eiastoplastic with a yield strength of 240 MPa. 



A, = zYzs.hs&z) - 210 ^ ~ 2ioylo~ c ^ 

A x - (31.1 zs.ysss) - ZZZ.Ll 6 - 27Z.C1&V- to* 

A^ - A - A, - A x - = H&.ZZH *iO~‘ ^ 

R ; = 6 > A' s zhoxio 1 - Ax 

R, - N J R* “ ^.&S?5xio 3 ^ - //. / / 7 3 »lo s fJ 

“ 3 ~ 3 tv>v, ~ ' 8 . £"3 * 10 “* ivi 

5x “ 4(36 - ZSHSSh) “ S^ZVZI ^ - 3’. 2.7 3.1 * 

r * 7+oZqS ’ l.OZ^S» lo~* w, 


Kip = R^, + P a J 2 
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P. 


3J 3 


I M-tv, 


m p =■ qi r N-m 


-*a 
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Problem 4.83 




4.83 A thick-walled pipe of the cross section shown is made of a steel that is 
assumed to be elastoplastic with a yield strength ay. Derive an expression for the 
plastic moment M p of the pipe in terms of Cj, c 2 , and ay. 




= -dc^) 


— -j§- / r 3 _ n ^ 
3 \ '~r 1 

z 



" A -,y. = S ( c ' 3 - C T< 

M P = & v (A,y, 4 - J S', (cf-C s * ) 


Problem 4.84 



4.84 Determine the plastic moment M p of a thick-walled pipe of the cross section 
shown, knowing that c\ = 60 mm, cy = 40 mm, and rry~ 240 MPa. 


cc • 


See "the soJijh'oi* +e> PRo8L£TM Pew- cAeti Va/Vi'ovi op He 

f oiio e.y fov\ M-p * 


k/j - 1 £? ( r _ 

1 P 3 W ' 


C/) 


‘P ' 3 

6; * ZHo MPa. - 24o>/o & Pa 

Oj - SO hn*vj £?* 060 m 


C z - 4D ivt~ 0.0 HO vn 


Mp - -%-(2Ho Wo 4 \( O.oco 3 - O.OHo)- *tc? M- 


Wv, 


Mp - klO- 


Vv, 
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Problem 4.85 


4.85 Determine the plastic moment M p of the cross section shown, 
assuming the steel to be eiastoplastic with a yield strength of 330 MPa. 


— 75 mm. 


*]:£> litmK 


M ± 


T.VcJ? - A *■ (^)O ^) t (. ^ )C«0 ~ ^R) ^ 


A - f o'! iT 


M _ 


ty Z b'-K 


tvij il'ZS tiunj A,y, ' 

A t =(6‘2?)CK)*lSt,'Z£i» t » X i y^r ?,|2? 

A 3 - 0ipK)(n-)~ u?n<lU^ y 3 * z&i&P 


M P ~ 4 Aayj') 

«— 

- SloYto^tozr+^W. 5 r 2?^2r. $-) 0*>° )~n-'7 hN t*y . 


Problem 4.86 


4.86 Determine the plastic moment M p of the cross section shown 
assuming the steel to be eiastoplastic with a yield strength of 250 MPa. 


12 mm -*4 p- 75 mm 

X— 
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aCi£ 0s «o)(z?-7-Oo-t- c ni*!> j-Z?>4-57<$+-4-lioo) (huo**)- 


Proprietary Material. © 2009 The McGraw-Hill Companies, Inc. All rights reserved. No part of tills Manual maybe displayed, reproduced, or 
distributed in any form or by any means, without die prior written permission of the publisher, or used beyond the limited distribution to teachers 
and educators permitted by McGraw-Hill for their individual course preparation. A student using this manual is using it without permission. 


www.elsolucionario.net 





Problem 4.87 




(< 90 mm 


— 60 mm —| 


4.87 and 4.88 For the beam indicated, a couple of moment equal to the full plastic 
moment M p is applied and then removed. Using a yield strength' of 240 MPa, 
determine the residual stress at y = 45 mm. 

4.87 Beam of Prob. 4.73. 


~ X |O' .SoPt/fiows 4 .73 
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Problem 4.88 


4.87 and 4.88 For the beam indicated, a couple of moment equal to the full plastic 
moment M p is applied and then removed. Using a yield strength of 240 MPa, 
determine the residua! stress at= 45 mm. 



g -1 ~ _ h p e _ (l&.Zvy-icr’Xo.QHS') 

1 i L S^y'/O" 6 - 

- 7 x 10 6 Pc, - 385*.7 MPa 



A+ y ~ HS & - 2HO MPa = S8S.1 M Pc 

Ptsi'rlyaJ s+v^ess - GT'- Gy 6^ = i 4-5. T Mpa, 
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Problem 4.89 



4,89 and 4.90 For the beam indicated, a couple of moment equal to 
the full plastic moment M p is applied and then removed. Using a yield strength 
of 290 MPa, determine the residual stress at (a) y = 25 nun, ( b) y - 50 mm. 

4.89 Beam of Prob, 4.75. 

4.90 Beam of Prob. 4.76. 


Mp ~ *TA b A A/ (fSee soA-rKo 4.8o') 

1 f^ J c « asm, 

6 r - ~ - -a*— 44-- = c 



(cl) A4^y Avm --jo 6^*“ 4; ( 4 - 14 * 7 ) ■=}/£• ahA?. 

6^ s r -Ajmj 7- >/XV 5r - - ?¥'- AT WAt. —6 

(W) At 7 - £ 2 >t*vrvi r C <S" ' ~ £/-£o» 7 

(Sj^ “ - -A 4 Ao* 7 -^7 5o- 7 
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Problem 4.90 



4.89 and 4.90 For the beam indicated, a couple of moment equal to 
the full plastic moment M p is applied and then removed. Using a yield strength 
of 290 MPa, determine the residual stress at ( a ) v --- 25 mm, (b) v = 50 mm. 

4.89 Beam of Prob. 4.75. 

4.90 Beam of Prob. 4.76. 


50 j m " M P - w* °l w* (s* 4o P^y e ^ 4.7£Wf 4.79 > 


J r £ 72^/67 c r jaintM , 

6 ' = 1 W■ , J|C a y , c . 

iwrfjg g) _ 4 . Mfi 

D - £Tx°ub-7 Klo^F*- ' ■ 



Ox} Af ^y - » If. 6” / = ^C-fcA) t 2<?4-«S‘ * t -At 

6^ - — f 204-^ S' p - *?-T- 4T M-A . -351 

(W7 A 7 y - fw-fv* ~ c <5' 1 *■ 

6A ~ - irCX> *f 4-0 ^ P /0 s ) M'A* . 
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Problem 4.91 



4.91 A bending couple is applied to the beam of Prob. 4.73, causing plastic zones 30 
mm thick to develop at the top and bottom of the beam. After the couple has been 
removed, determine (a) the residual stress at y ~ 45 mm, (b) the points where the 
residual stress is zero, (c) the radius of curvature corresponding to the permanent 
deformation of the beam. 


Sfii SOL UTloW -f-o P*?o8Lt? M 4.73 i)ev»di'rta 

S'fptSS olrs4rr ku+iovu 

M ~ ZS.obvlJ bJ-Wi - IS"*-.- - 0.O\S w, 


. , r-' . Me 
(ai <5 - ~j- 


E - Zoo GPa. 

J -■ 3. CHS* to' C 
C2g.O8y/O s )CQ-045) 


6V " ^40 MPa- 


C * Q.OH5 M 


3.CHS* |O' 


1 = 346.1 *)o & 13 k ~ 346.7 MPa. 
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Problem 4.92 
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4.92 A bending couple is applied to the beam of Prob. 4.76, causing 
plastic zones 50 mm thick to develop at the top and bottom of the beam. 
After the couple has been removed, determine («) the residual stress at 
y = 50 mm, (b) the points where the residual stress is zero, (e) the radius of 
curvature corresponding to the permanent deformation of the beam. 
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Problem 4.93 


*4.93 A rectangular bar that is straight and unstressed is bent into an are of circle of 
radius p by two couples of moment M. After the couples are removed, it is observed 
that the radius of curvature of the bar is/?/}. Denoting by// t -the radius of curvature of 
the bar at the onset of yield, show that the radii of curvature satisfy the following 
relation: 
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Problem 4.94 


4.94 A solid bar of rectangular cross section is made of a materia! that is assumed to 
be elastoplastic. Denoti ng by My and py, respectively, the bending moment and radius 
of curvature at the onset of yield, determine (a) the radius of curvature when a couple 
of moment M - 1.25 My is applied to the bar, (b) the radius of curvature after the 
couple is removed. Check the results obtained by using the relation derived in Prob. 
4.93. 
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Problem 4.95 



4.95 The prismatic bar AB is made of a steel that is assumed to be ela.stoplastic and 
for which E = 200 GPa. Knowing that the radius of curvature of the bar is 2.4 m 
when a couple of moment M= 350N ■ m is applied as shown, determine ( a ) the yield 
strength of the steel, ( b ) the thickness of the elastic core of the bar. 


M - | 


Mr( I - 


te's, (, -£!£-) • 


= (\ -J. P x fr \ 

2 c t 1 3 fc'c' 1 

. iS, b(2e? ( , , f>*6r- \ 

' * tc-V 1 3 1 

- 6- y bc z (l -i0£) 

■ M CoL;c e.*jo d-: O'*. •few' S'r 


E r 7oo xio' 7 P Sj H" WO 


f - ZH 


t ” 7 O W 1 M - o. 07 0 hr, C - jf - 8 hr.nry r O. OOTt 

0,2Sv/o~ c j er r [/ - lSa«io' 21 S'/"] = 35-0 

6V [ I ** 750 *lo ‘ 21 6/ ] _ ^73.141/ xjo G 

Solty -jrSf - 717*10" Pa 6^ 15 '2 c t' i - MW 

•fljiokness of ef&5"f i'c core - = 7*01 won 


Proprietary Material. © 2009 The McGraw-Hill Companies, Inc. AH rights reserved. No part of this Manual may be displayed, reproduced, or 
distributed in any form or by any means, without the prior ’written permission of the publisher, or used beyond the limited distribution to teachers 
and educators permitted by McGraw-Hill for their individual course preparation. A student using this manual is using it without permission. 


www.elsolucionario.net 



Problem 4.96 
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4.96 The prismatic hsxAB is made of an aluminum alloy for which the tensile stress- 
strain diagram is as shown. Assuming that the rr-c diagram is the same in 
compression as in tension, determine (a) the radius of curvature of the bar when the 
. maximum stress is 250 MPa, ( b) the corresponding value of the bending moment. 

(Him: For part b, plot u versus y and use an approximate method of integration.) 
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Problem 4.97 



4.97 The prismatic bar All is made of a bronze alloy for which the ten¬ 
sile stress-strain diagram is as shown. Assuming that the a-e diagram is the 
same in compression as in tension, determine (a) the maximum stress in Hie 
bar when the radius of curvature of the bar is 2.5 m, (/>) the corresponding 
value of the bending moment. (See hint given in Prob. 4.96.) 


(a) p - ® c - is mm. 
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Problem 4.98 


4.98 A prismatic bar of rectangular cross section is made of an alloy for which the 
stress-strain diagram can be represented by the relation r, - k<f lor a > 0 and s--\ka'\ 
for o < 0. If a couple M is applied to the bar, show that the maximum stress is 
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Problem 4.99 


4.99 Determine the stress at points A and B y (a) for the loading shown, (b) if the 
60-kN loads are applied at points 1 and 2 only. 
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Problem 4.100 
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4.100 Determine the stress at points A and B, (a) for the loading shown, 
(b) if the 60-kN loads applied at points 2 and 3 are removed. 
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Problem 4.101 



4.101 Two forces P can be applied separately or at the same time to a plate that is 
welded to a solid circular bar of radius r. Determine the largest compressive stress in 
the circular bar, (a) when both forces are applied, ( b ) when only one of the forces is 
applied. 
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4./02 Knowing that the magnitude of the vertical force P is 2 kN, determine the 
stress at (a) point A, (b) point B. 
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Problem 4.103 


4.103 The vertical portion of the press shown consists of a rectangular tube of wall 
thickness t ~ 10 nun. Knowing that the press has been tightened on wooden plonks 
being glued together until P -20 kN, determine the stress at ( a ) point A, (b) point IS. 
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Problem 4.104 


4*104 Solve Prob, 4.103, assuming that t - 8 mm. 

4.103 The vertical portion of the press shown consists of a rectangular tube of wall 
thickness i — 10 mm. Knowing that the press has been tightened on wooden planks 
being glued together until/’- 20 kN, determine the stress at (a) point A, (b) point 8. 
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Problem 4.105 


4.105 Portions of a 12 X 12 mm square bar have been bent to form 
the two machine components shown. Knowing that the allowable stress is 105 
MPa, determine the maximum load that can be applied to each component. 
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Problem 4,107 



4.107 A milling operation was used to remove a portion of a solid bar of square 
cross section. Knowing that a = 30 mm, d =20 mm, and <r M = 60 MPa, determine the 
magnitude P of the largest forces that can be safely applied at the centers of the ends 
of the bar. 
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problem 4.108 



4.108 A milling operation was used to lemove a portion of a solid bar of square 
cross section. Forces of magnitude P = 18 kN are applied at the centers of the ends of 
the bar. Knowing that a ~ 30 mm and «r a u - 135 MPa, determine the smallest 
allowable depth d of the milled portion of the bar. 
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problem 4.109 
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4.10V An offset h must be introduced into a solid circular rod of diameter d. 
Knowing that the maximum stress after the offset is introduced must not exceed 5 
times the stress in the rod when it is straight, determine the largest offset that can be 
used. 
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Problem 4.110 
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4 .110 An offset h must be introduced into a metal tube of 18-mm outer 
diameter and 2-mm wall thickness. Knowing that the maximum stress after the 
offset is introduced must not exceed 4 times the stress in the rod when it is 
straight, determine the largest offset that can be used. 
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Problem 4.111 


4.111 Knowing that the allowable stress in section ABD is 70 MPa, determine the 
largest force P that can be applied to the bracket shown. 
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Problem 4.112 

64 kN 


‘v>kc 2 



/>v»1 


id . A. 

R7 


4.112 A short column is made by nailing four 25 X 100 mm planks to 
a 100 X 100 mm timber. Determine the largest compressive stress created in 
the column by a 64-kN load applied as shown in the center of the top section 
of the timber if (a) the column is as described, (h) plank I is removed, 
(c) planks 1 and 2 are removed, (d) planks 1, 2, and 3 are removed, (e) all 
planks arc removed. 
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problem 4.113 


,10mm, 4 mm 

I .I I 


4.113 Knowing that the clamp shown has been tightened on wooden planks being 
glued together until P = 400 N, determine in section a-a (a) the stress at point A, ( b) 
the stress at point D, ( c ) the location of the neutral axis. 


L oc.cu'l'e. edio'f/'Diisf. 


Section a-a 


Pcttf'l 

A j Mho 


Ay« 3 rxiA 5 

0 

4o 

1 8 

7?d 

© 

€4 

2 

5*12 


lo4 


1232 


P P'f 

50 min 


(\ ~ !o4 


_ 1232 
104 

=• U.WQ «*m 


Tke C.£iAT(n<?iKi| /1.8*16 /vi» ir, a.bo'JG. poiV+ X. 

e r(£ 0 ±ZO- II .2U)*-S'&.IS4 i 

3ei't4t *i<; coupJe Pfi - {HOo') C“SS. IS4 * l O ’ ^ 

- A7-m 

|D4 X Wi^ 


r, = tk b,^ * A,*C S + (^oXs.ls^f = L5&S2 *io* ^ 

!„=, b^t A z 4 l - (esXa-MO' = J-Si^o. ■»*' 


JT * I, + X t - 3. ?8c>2* ^ “ 3. SS02* ID”’ 

(cO Stress 6^ pgiV>4~ A . v~ 20- 11.246 ~ 8~ 1-5*4 - S’. IS'fx/o vw 

6- JS°_- - C-*3-WW>”£ l= £Z 7 >| 0 ‘ P* 


A “ A X lo4W£>" 


3. 3go2x ;o~‘ ? 


<52 -X2.7 MPcl 


(b4 Sire st aA pt-i'^1 T) » ^ II. 3H4> tnno = —II.S'fOx/Q ton 

St. £ + £ht, .1°°_ (-rs-^OM.j .-. 67 .yio‘R 


A 1 


fo4*[c> 


3.SSo2x Jo* 1 


6k - -67. 2 MP<*_ 


(C) Loeeiior of neulfai anti's . 6 " = o 

s* - £ - f±t - £ - Esx. -- < 

A l AX 

X _ 3.a3<gzx /c£l 

Ae. ~ (|04 *io~ c )tr5S.iSH *|o' 


i=~0..6V2 *|D* w, 


— O. G ^ £ i^vv\ 

o^tfs II. 846 - 0.&43- “ ) I. 20tf <**>■. ll,ZO m,n cJso-Je. "D 


www.elsolucionario.net 




Problem 4.114 



4.114 1 hree steel plates, each of25 x 150-mm cross section, are welded together \o 
form a short H-shaped column. Later, for architectural reasons, a 25-mm strip is 
removed from each side of one of the flanges. Knowing that the load remains centric 
with respect to the original cross section, and that the allowable stress is 100 MPa, 
determine the largest force P (a) that could be applied to the original column, ( b ) that 
can be applied to the modified column. 
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Problem 4.115 



A, En 


Section an 


36 in in 


-100 mra- 


50 mm 


50 mm 


4.115 In order to provide access to the interior of a hollow square 
tube of 6 mm wall thickness, the portion CD of one side of the tube has 
been removed. Knowing that the loading of the tube is equivalent to two 
equal and opposite 60-kN forces acting at the geometric centers A and E of 
the ends of the tube, determine (a) the maximum stress in section a-a, ( b ) the 
stress at point E Given: the centroid of the cross section is at C and 
/. - 2 X 10 6 mm 4 . 
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Problem 4.116 

25 mm—|-* -250 ram-* 

t.“ FI ® 


4.116 Knowing that the allowable stress in section a-a of the hydraulic press shown 
is 40 MPa in tension and 80 MPa in compression, determine-Vhelargest force P that 
can be exerted by the press. 
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Problem 4.118 


Pi a 

L 


■ SK P 



4.118 Knowing that the allowable stress is 150 MPa in section a-a of the hanger 
shown, detenu ine {a) the largest vertical force P that can be appli ed at point/f, (b) the 
corresponding location of the neutral axis of section a-a. 
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Problem 4.119 


4.119 Solve Prob 4.118, assuming that the vertical force P is applied at point B. 


I* “ 
4 


4,118 Knowing that the allowable stress is 150 MPa in section a-a of the hanger 
shown, determine (//) the largest vertical force 1' that can be applied at point A, (/>) the 
corresponding location of the neutral axis of section a-a. 
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Problem 4.120 4120 The C-shaped steel bar is used as a dynamometer to determine the 

magnitude P of the forces shown. Knowing that the cross section of the bar is 
a square of side 40 mm and the strain on the inner edge was measured and found 
to be 450 ji, determine the magnitude P of the forces. Use E = 200 GPa. 
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Problem 4,121 



250 nuri -> 


A - 6450 mm 2 
I, = 114 X 10° mm 4 


4.121 A short length of a rolled-steel column supports a rigid plate on 
which two loads P and Q are applied as shown. The strains at two points A 
and B on the center line of the outer faces of the flanges have been measured 
and found to be 

e A - - 400 x 10' 6 mm/mm e B = -300 X 10 -6 mm/mm 
Knowing that E 200 GPa, determine the magnitude of each load. 
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Problem 4.122 


4.122 An eccentric force P is applied as shown to a steel bar of 25 x 90-rnm cross 
section. The strains at A and B have been measured and found to be 


£a - +350 n 


cb = -70 // 


-;,.K 

,/i+, 145 mm 


1“ 


Knowing that E — 200 GPa, determine (a) the distance d, ( b ) the magnitude of the 
force P. 
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Problem 4.123 


4.123 Solve prob. 4.122, assuming that the measured strains i 


i'-A — +600 jl 


es = +420 ft 


4.122 An eccentric force P is applied as shown to a steel bar of 25 x 90-mm cross 
section. The strains at A and B have been measured and found to be 


Ea^ +350 ft 


cb ~ - 70 ii 


. /- 


Knowing that E — 200 GPa, determine (a) the distance d, ( h ) the magnitude of the 
force P. 
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Problem 4.124 


1 V 5 ”" 


4.124 The eccentric axial force P acts at point D, which must be located 25 mm 
below the top surface of the steel bar shown. For P = 60 kN, determine (a) the depth 
d of the bar for which the tensile stress at point A is maximum, <J>) the corresponding 
stress at point A. 
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Problem 4.125 


/> * 40 mm 

te®'.-- - Sr-X t 




4.125 For the bar and loading of Prob. 4. 1 24, determine («) the depth c/of the bar for 
which the compressive stress at point B is maximum, (b) the corresponding stress at 
point B. 

4.124 The eccentric axial force P acts at point D, which must be located 25 mm 
below the top surface of the steel bar shown. For P - 60 kN, determine (a) the depth 
d of the bar for which the tensile stress at point A is maximum, (6) the corresponding 
stress at point A. 
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Problem 4.126 



4.126 through 4.128 The couple M is applied to abeam of the cross section shown 
in a plane forming an angle /? with the vertical. Determine the stress at (a) point A, ( b ) 
point B, (c) point D. 
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Problem 4.127 



4.126 through 4.128 '{'he couple M is applied to a beam of the cross 
section sliown in a plane forming an angle f3 with the vertical. Determine the 
stress at (a) point A. ( b ) point B , (c) point D. 
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Problem 4.128 


fi = 50° 


4.126 through 4.128 The couple M is applied to a beam of the cross section shown 
in a plane forming an angle p with the vertical. Determine the stress at (a) points, ( b) 
point li, {c) point D. 
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Problem 4.129 



50 mm 100 niff) 


The ci <sJ -P 4 'e& 


4.129 through 4.131 The couple M is applied to a beam of the cross 
section shown in a plane forming an angle fj with the vertical. Determine the 
stress at (a) point A, ( b ) point It, (c) point D. 
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4.129 through 4.131 The couple M is applied to a beam of the cross 
section shown in a plane forming an angle j3 with the vertical. Determine tire 
stress at (a) point A , (b) point 11, (c) point D. 
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Problem 4.131 


M =•- 15 kN ■ m 

'ft = 75° 

_ a y »\ 

70 mm 50 mm 1--— 

I i <•’ 

i.-IT. 7!^ n 


4.129 through 4.131 The couple M is applied to a beam of the cross section shown 
in a plane forming an angle ft with the vertical. Determine the stress at (a) point A, (b) 
point B, (c) point D. 
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Problem 4.132 


4.132 The couple M acts in a 'vertical plane and is applied to a beam oriented as 
shown. Determine (a) the angle that the neutral axis forms with the horizontal, ( b) the 
maximum tensile stress in the beam. 
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Problem 4.133 



4 .133 and 4.134 The couple M acts in a vertical plane and is applied to a beam 
oriented as shown. Determine (a) the angle that the neutral axis forms with the 
horizontal, ( b ) the maximum tensile stress in the beam. 
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Problem 4.134 



4.133 and 4,134 The couple M acts in a vertical plane and is applied 
to a beam oriented as shown. Determine (a) the angle that the neutral axis forms 
with the horizontal, (b) the maximum tensile stress in tire beam. 
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Problem 4.135 



My' = S/v, VS* 

M z * ct>s '■/S ° 


4.135 and 4,136 The couple M acts in a vertical plane and is 
applied to a beam oriented as shown. Determine (a) the angle that the neutral 
axis forms with the horizontal, ( b ) the maximum tensile stress in the beam. 
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Problem 4.136 


4.135 and 4.136 The couple M acts in a vertical plane and is applied to a beam 
oriented as shown. Determine (a) the angle that (lie neutral axis forms with the 
horizontal, ( b ) the maximum tensile stress in the beam. 
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Problem 4.137 


*4.137 through *4.139 The couple M acts in a vertical plane and is applied to a 
beam oriented as shown. Determine the stress at point A, 


M = M kN . 
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Problem 4.138 


*4.137 through *4.139 The couple M acts in a vertical plane and is applied to a 
beam oriented as shown. Determine the stress at point A. 
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Problem 4.139 


*4.137 through *4.139 The couple M acts iii a vertical plane and is applied 
to a beam oriented as shown. Determine the stress at point A. 
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Problem 4.140 




4.140 For Ihe loading shown, determine ( a ) the stress at points A and 
B, (b) the point where the neutral axis intersects line ABD. 
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Problem 4.141 


A 100 mm 


4.141 Solve S’rob, 4,140, assuming that the magnitude of the force 
applied at G is increased from 1.0 kN to 1,6 kN. 

4.140 I •or the loading shown, determine (a) the stress at points A and 
B, (h) the point where the neutral axis intersects line ABD. 
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Problem 4.142 


4.142 The lube shown has a uniform wail thickness of 12 mm. For the loading given, 
determine (a) the stress at points A and B, (b) the point where the neutral axis 
intersects line ABD. 
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Problem 4.143 


4.143 Solve Prob. 4.142, assuming that the 28-kN force at point E is removed. 



4.142 The tube shown has a uniform wall thickness of 12 mm. For the loading given, 
determine (a) the stress at points A and B , ( b ) the point where the neutral axis 
intersects line ADD. 
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Problem 4.144 


4.144 An axial load P of magnitude 50 kN is applied as shown to a short section of a 
W150 x 24 rolled-steel member. Determine the largest distance a for which the 
maximum compressive stress does not exceed 90 MPa. 
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Problem 4.146 



4.146 A beam having the cross section shown is subjected to a couple 
M 0 that acts in a vertical plane. Determine the largest permissible value of the 
moment M 0 of the couple if (he maximum stress in the beam is not to exceed 
84 MPa. Given: I, - 7, --= 4.7 X 10* mm 4 , A = 3064 mm 2 , k ma ~ 25 mm. 
{Hint: By reason of symmetry, the principal axes form an angle of 45° with 
the coordinate axes. Use the relations ~ Akl tin and J lnin 4 / rn , s — / s 4 /„.) 
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Problem 4.147 
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125 mm— 3 *- 


~l .. 

36 mm 
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4.147 Solve Prob. 4.146, assuming that the couple M (i acts in a hori¬ 
zontal plane. 

4,146 A beam having (he cross section shown is subjected to a couple 
M 0 that: acts in a vertical plane. Determine the largest permissible value of the 
moment M 0 of the couple if the maximum stress in the beam is not to exceed 
84 MPa. Given: [ y . ----- I z - 4.7 X IQ 6 mm 4 , A - 3064 mm 3 , k nm - 25 mm. 
(Hint: By reason of symmetry, the principal axes form an angle of 45° with 
the coordinate axes. Use the relations / lin Ak; lliu and I / — 1 t / ) 
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Problem 4.148 
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40 rnm 
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10 mm 


| 40 mm 

3 j 


10 mm ~H I-*- TO mm- 


4.148 The Z section shown is subjected to a couple Mo acting in a vertical plane. 
Determine the largest permissible value of the moment Mo of the couple if the 
maximum stress is not to exceed 80 MPa. Given: I ma „ ~ 2.28 x 10~ 6 mm 4 , = 0.23 
x 10 6 mm 4 , principal axes 25.7° and 64.3°^£l. 
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Problem 4.149 


4.149 Solve Prob. 4.148 assuming that the couple M 0 acts in a horizontal plane. 


4.148 The Z section shown is subjected to a couple Mo acting in a vertical plane. 
Determine the largest permissible value of the moment Ma of the couple if the 
maximum stress is not to exceed 80 MPa. Given: I mm ~ 2.28 x 10 6 mm 4 , / m j„ ~ 0.23 
x 10 * mm 4 , principal axes 25.7° and 64.3°3L . 
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Problem 4.150 


4.150 A beam having the cross section shown is subjected to a couple M 0 acting in a 
vertical plane. Determine the largest permissible value of the moment M n of the 
couple if the maximum stress is not to exceed 100 MPa. Given: 4 =4 = b 4 / 36 and 4- 
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Problem 4.152 




M 


'J 


4.152 A beam of unsymmetric cross section is subjected to a couple M 0 acting in the 
vertical plane xy. Show that the stress at point A, of coordinates y and z, is 



cr A 


y { > -riy 


iyi,~r y 


M, 


where l y , L , and l n denote the moments and product of inertia of the cross section 
with respect to the coordinate axes, and M z the moment of the couple. 
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Problem 4,153 


4.153 A beam of unsymmetric cross section is subjected to a couple Mo acting in the 
horizontal plane xz. Show that the stress at point A, of coordinates j and z, is 



zf ; ~yl„ „ 

<r A ~ - 

11 -l 1 

y z yt 


where ] y , 1., and /,,, denote the moments and product of inertia of the cross section 
with respect to the coordinate axes, and M y the moment of the couple. 
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Problem 4.154 
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4.154 (a) Show that the stress at comer A of the prismatic member shown in Fig. 
P4.154a will be zero if the vertical force P is applied at a point located on the line 

b/6 + h/6 ~ 

(. b ) Further show that, if no tensile stress is to occur in the member, the force P must 
be applied at a point located within the area bounded by the line found in part a and 
three similar lines corresponding to the condition of zero stress at B, C, and D, 
respectively. This area, shown in Fig. 4.154h, is known as the kern of the cross 
section. 
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Problem 4.155 


4.155 (a) Show that, if a vertical force P is applied at point A of the section shown, 
the equation of the neutral axis BD is 


Cal 


(b) 
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fi 

{ k 2 
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\ * J 


where k, and k x denote the radius of gyration of the cross section with respect to the z 
axis and the x axis, respectively. ( b) Further show that, if a vertical force Q is applied 
at any point located on line BD , the stress at point A will be zero. 
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Problem 4.156 


4.156 For (he curved bar and loading shown, determine the stress point 
A when (a) r t = 30 mm, (b) r, = 50 mm. 
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Problem 4.157 


4.157 1 'or (he curved bar mid loading shown, determine the stress points 
A and B when /'i -- 40 min. 



U ~ 2-OtnhA V s , ” ^ r 


A * (2*>)'C>o) s ^0<3 harm 1 


R - 


A % ‘ }h 


2& 

To ~ 32 b I A./n 


4-0 


r » ^(r, + y /Tb M.m. 

£ ~ v* -~ R - O r b>”7i c } /vv>4 


^ ~~ H~0 —■ /»v-^v, 

Hy< _ (bfrtO' oo93>zi>() 


yv T Av./vi 




Aer A £600 x/o^) (O'oootrm )(<?< 0£f .) 


- ~ J> 7" 2 44 A^ 


.gtftZ-M/h -*s 


w 


f B - 




A e vw 




C^o K(7> b ) (o'ooob']^^o-bc) 


&t> h ~> 


$?[• cj fivfa 


Proprietary Material. © 2009 The McGraw-Hill Companies, Inc. All rights reserved. No part of this Manual may be displayed, reproduced, or 
distributed in any form or by any means, without the prior written permission of the publisher, or used beyond the limited distribution to teachers 
and educators permitted by McGraw-Hill for their individual course preparation. A student using this manual is using it without permission. 


www.elsolucionario.net 








www.elsolucionario.net 







www.elsolucionario.net 





Problem 4.160 


-I V - 3 kN 


4,160 The curved portion of the bar shown has an inner radius of 20 mm. Knowing 
that the allowable stress in the bar is 150 MPa, determine the largest permissible 
distance a from the line of action of the 3-kN force to the vertical plane containing 
the center of curvature of the bar. 
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Problem 4.161 


r "■ 20 nun 



(<—a 



4.161 The curved portion of the bar shown has an inner radius of 20 mm. Knowing 
fliat the line of action of the 3-kN force is located at a distance a = 60 mm from the 
vertical plane containing the center of curvature of the bar, determine the largest 
compressive stress in the bar. 
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Problem 4.162 


4.162 For the split ring shown, determine the stress at (a) point A, (b ) point B. 
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Problem 4.163 


4.163 Steel links having the cross section shown are available with dif¬ 
ferent central angles 0. Knowing that the allowable stress is 100 MPa, deter¬ 
mine the largest force P that can be applied to a link For which 0 - 9(1'’. 
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Problem 4.164 


4.164 Solve Prob, 4.163, assuming that fi — 60°. 

4.163 Steel links having (he cross section shown are available with dif¬ 
ferent central angles p. Knowing that the allowable stress is 100 MPa, deter¬ 
mine the largest force P that can be applied to a link for which ji 90°. 
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Problem 4.165 


50 mm 

h.i 


4.165 Three plates are welded together to form the curved beam shown. 
For the given loading, determine the distance e between the neutral axis and 
the centroid of the cross section. 
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Problem 4.166 


4.166 Three plates are welded together to form (he curved beam shown. 
For M 900 N • m. determine the stress at (a) point A , (b) point B, (c) the 
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Problem 4.167 


4.167 and 4.168 Knowing that M~ 20 kN • m, determine the stress at (a) points, 
( b ) point B. 
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Problem 4.168 


4,167 and 4.168 Knowing that M~ 20 kN - m, determine the stress at (a) point A, 
(b) point B. 
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4.169 The split ring shown has an inner radius r> = 20 mm and a circular cross 
section of diameter d = 32 mm. For die loading shown, determine the stress at (a) 
points, (&) point B. 
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Problem 4.170 


4.170 The split ring shown has an inner radius rt - 16 mm and a circular cross 
section of diameter cl = 32 mm. For the loading shown, determine the stress at (ti) 
points, ( b ) point B. 
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Problem 4.171 



Vfi =? P r 20 I* M 

7ft ~ 7" A 4 ©f - 20 


4.171 The split ting shown has an inner radius r\ — 20 mm and a cir¬ 
cular cross section of diameter d = 15 mm. Knowing that each of the 500-N 
forces is applied at the centroid of the cross section, determine the stress at 
(a) point 4, (b) point B. 
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Problem 4.172 



4.172 Solve Prob. 4.171, assuming that the ring has an inner radius 
r, = 15 mm and a cross-sectional diameter d = 20 mm. 

4.171 The split ring shown has an inner radius r, = 20 ram and a dr- 
cular cross section of diameter d — 15 mm. Knowing that each of the 500-N 
forces is applied at the centroid of the cross section, determine the stress at 
(a) point A, ( b ) point B. 
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Problem 4.173 


4.173 lor the crane hook shown, determine the largest tensile stress in section ct-a. 
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Problem 4.174 


4,174 For the curved beam and loading shown, determine the stress at (a) point A, 
(b) point B. 
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Problem 4.175 




4.175 Knowing that the machine component shown has a trapezoidal 
cross section with a 90 mm and b — 62 mm, determine the stress at (a) 
point A, (b) point B, 
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900 N - m 


4.176 Knowing Ihaf the machine component shown has a trape¬ 
zoidal cross section with a ~ 62 mm and h = 90 mm, determine the stress at 
(a) point A, (b) point B. 
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Problem 4.177 


4.177 and 4.178 Knowing that M 560 N * in, determine (he stress 
at ( a ) point A, ( b } point B. 


62 mm 



75 mm *7* •.. 

50 min ' ^ 


5l) min' 


A ” pr bb ~ j[ Lbt)(is) ~ 2 3'2-R Him 

- ^'0-f'TS -sr ~] ^ 

b, - <52 IT, - 5&tvtt" j b 2 r O , /* 2 ~tZ^h^ 

Use. -fbc ■ff'Ktpe&o*' Wl +b b - o. 

ib' ( b,+ b») 


ik ,v,«rH 


R 


(b|^t - kff t) in ^ - In (b t - fe*) 

_ ^7d-) a (ll + <t) _ 

L( ^2.)£/Z£r) — C°) 4^ — 7 5( t?Z~ o) 


■:- 1 ! ‘ I /KM 


e - F - R 


3'fa-fo 


M - £(rO 


(cl) 




R - Pi ~ 2) i^ l ty- . 


6" A * - -£%- = 
AeT', 


_ --U'thMx 

(zngvo^) (0<o°3 ¥t)Co . 05 -J ^ 


ft.) 


jg — R — ~ S%* 9~t> 

gy HVr CT^)^-0* 


& 


A £ vv (mfito 6 ’) ( 6 *ooi%)(o*iig) 


J? A' ^ 


Proprietary Material. © 2009 The McGraw-Hill Companies, Ine. All rights reserved. No part of this Manual maybe displayed, reproduced, or 
distributed in any form or by any means, without the prior written permission of the publisher, or used beyond the limited distribution to teachers 
and educators permitted by McGraw-Hill for their individual course preparation. A student using this manual is using it without permission. 


www.elsolucionario.net 






Problem 4.178 



4.177 and 4.178 Knowing that M ~ 560 N • m, determine the stress 
at (a) point A, ( b) point II. 
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Problem 4.179 


4.179 Show that if the cross section of a curved beam consists of two or more 
rectangles, the radius R of the neutral surface can be expressed as 
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Problem 4.180 


4.180 through 4.182 Using Eq. (4.66), derive the expression for/? given in Fig. 4.79 
for 

*4.180 A circular cross section. 
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Problem 4.181 


4.180 through 4.182 Using Eq. (4.66), derive the expression for R given in Fig. 4.79 
for 
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Problem 4.182 
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4.180 through 4.182 Using Eq. (4.66), derive the expression for R given in Fig. 4.79 
for 

4.182 A triangular cross section. 
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Problem 4.183 


*4.185 For a curved bar of rectangular cross section subjected to a bending couple 
M, show that the radial stress at the neutral surface is 
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' • ~ consider the free-body diagram of the portion of the beam located above the neutral 
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Problem 4.184 


4.184 and 4,185 TwoWlOO X 19.3 rolled sections are welded together 
as shown. Knowing that for the steel alloy used <r y = 250 MPa and rr (/ — 400 
MPa and using a factor of safety of 3.0, determine the largest couple that can 
be applied when the assembly is bent about the Z axis. 
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Problem 4.185 


4.184 and 4.185 TwoWlOOX 19.3 rolled sections are welded together 
as shown. Knowing that for the steel alloy used o> — 250 MPa and <r (l — 400 
MPa and using a factor of safety of 3.0, determine the largest couple that can 
be applied when the assembly is bent about the z axis. 
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Problem 4.186 

J .5 111 m 
U .„! 





4.186 It is observed that a thin steel strip of 1.5 mm width can be bent 
into a circle of 10-nun diameter without any resulting permanent deformation. 
Knowing that E -200 GPa, determine (a) the maximum stress in the bent 
strip, (b) tire magnitude of the couples required to bend the strip. 
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Problem 4.187 

8 tmri 8 mm 


4.187 A bar having the cross section shown has been formed by securely bonding 
brass and aluminum stock. Using the data given below, determine the largest 
permissible bending moment when the composite bar is bent about a horizontal axis. 
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Problem 4.188 


4.188 For the composite bar of Prob. 4.187, determine the largest permissible 
bending moment when the bar is bent about a vertical axis. 
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32 i n HI 



*-:12 mm. -j- 

ag 

i 

(D l.o | 

; 

® ! J 


4.187 A bar having the cross section shown has been formed by securely bonding 
brass and aluminum stock. Using the data given below, determine the largest 
permissible bending moment when the composite bar is bent about a horizontal axis. 


Si 



Aluminum 

Brass 

Modulus of elasticity 

70 GPa 

105 GPa 

Allowable stress 

100 MPa 

160 MPa 


8 in m 
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vi 
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M 
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Problem 4.189 


90 mm; . ^ 

r {> 

90 mini * 

y 



4.189 As many as three axial loads each of magnitude P ~ 40 kN can 
be applied to the end ofa W200 X 31.3 rolled-steel shape. Determine the stress 
at point A, (a) for the loading shown, (A) if loads are applied at points 1 and 
2 only. 

Fov* 3 A pj7E*>iiy C. 

f\ *= tyo&o m.ai d ” Xi 6 Ibi.fVt ^ JETy ™ 


AF potv>'f A 


- /OT A'-t'-i . 


(CL) CfewFi'c 1 r=i?~£>kN ^ H e © 


i'li> £>t?e 

4-O0o * so 


<o ~ 2 c ai . -sse 


<V> FcceoFfc t I 


- 2P 55 Fa/ 


(~h(?Xf<3*]/c>‘/0)r) 

3 /* 4 - yito^ 


M ~ -(40)(p‘*1) - F £ AA"b 


<T“ 5-3- At /^ 
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Problem 4.190 


4.190 Three 120 x 10-rnm steel plates have been welded together to form the beam 
shown. Assuming that the steel is elastoplastic with E = 200 GPa and ay= 300 MPa, 
determine (a) the bending moment for which the plastic zones at the top and bottom 
of the beam are 40 mm thick, (b) the corresponding radius of curvature of the beam. 



msM ' 10 mm 


360 MPt^ 










A, = 0 70 )(|o): 1 XOO 
h 1 r 3oo *>•» 


‘3 " 

(3£>) (1 o 
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3> 0 o 

R 

* 

s €5 
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V jo" 


% 

- 45 


S 45 

X to 


y* 

- J?0 


- 2o 

x /O" 

3 

\rr\ 


M * Z 

(R, 

y. + 1? > 




f? ( - 6 r A, ?(30oxto c )(l200*/o' 6 )? 3c, o >i0‘ N 

C $oo*(o* )(Zco*(o~* ) - ?£Wo ? M 

^'.'* 6 ^ = \ (too*lcf )(soo*io- c } 

* 4f*f6* N 
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Problem 4.191 



4.191 A vertical force 1* of magnitude 80 kN is applied at a point C lo¬ 
cated on the axis of symmetry of the cross section of a short coSutnn. Know¬ 
ing that y - 125 mm, determine (a) the stress at point A, {!>) the stress at point 
II, (e) tire location of the neutral axis. 


Lo&ecf<s Cer. Tfoi fi 


Port 

A >*«*>* 

T** 

y > fa* 

Ay.)*’** 1 

CD 

, , i , , , 

ISO O 

12C 

vns 0 * 1 


Save 

sv 

imoao 


1 ‘ISO o 


t/frlSoc 


y „ 

y 2A. 


75 mm <■> mm 
If, 


h.4-y!y4*.*1 

50 mm \/ 50mm 
25 turn 


irST>o 1 


Fcee«-lw<=,-fy of e 

I, r (7 47l0 )(^ 5 ) 2 r 

I * I, + X 2 - 2^*4 
(<5t) Sff^«5 5 A C* = A\.Av. 


S' - „ £ + £®9l r Jggg£_ + Cho'r*)(Q'Ol?(O'0‘lJri _ 

A 1 nSoot( 0 L 4Z»i>%l6-t ■ 


(W) S+y^ss B 


5 /R> - *)S~ - Sf - 


£L _. Pecs g jgg£L_ „ fgoo*w)fo*Q3X<>* 0 *ff c _ )j.,\A,up a 

h ;£ /zifooy/o 4, vf/eA ' 


(C3 /.ocnAia-n 0 -f Mewfftr*.^ axis •’ 

<S" = -f 4 ££2=. = o 
A I 

T 7 7.1.V t>A 


£■= 0 


CL ~ /0 " r £(?*J - 

i Ac (t2 )(%<>) 


hleo4r-«7 <xyfs .Pies £©<-3 beP#*s ca^rtHW ©t'* 3 

II j?4-*7 *A»V«. pof'vf A, 

Atn^ *>■€/• 3 7 *' K - fVbvw poivtf A 
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Problem 4.193 


4.193 The couple M is applied to a beam of the cross section shown in a plane 
forming an angle// with the vertical. Determine the stress at (o) point A, (b) point II, 
(c) point D. 


M = 100 K ■ m 


P = 30° 


II 

181 




r = 20 min 


-(o. - n.s&uxi6 % n.scii*{6 wp 


V I *>’ 


~ ~ 6?.332*/o ^ 
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~ 3.0— ~ l/.S'll'? mm 

7 A - - 2 b - mm Z 8 - O 
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M z = /DO c®*. 3o c 


Ca> 6. - - d = 
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X z Xy 
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Problem 4.194 


I t* = 4 kN 


« = 125 mm 


I I 






4.194 A rigid circular plate of 125-mm radius is attached to a solid 150 x 200-mm 
rectangular post, with the center of the plate directly above the center of the post. If a 
4-kN force P is applied at E with 0- 30°, determine (a) the stress at point A, (b) the 
stress at point B, (e) the point where the neutral axis intersects line ABD. 


*P ^ 4 * iO* f\l ( 10/i 4 

My” ~ PP 30° 

- - (Vwc> a Xi3S*/o” s ) So° 

- - 0.60 fj-m 

M 2 = - P R c»s 3o” 

- - (HxlO^ )(l36 r "‘& 3 ) coe 3a' 

v ~ H33 N*ho 


I x = 56.25*10 -- *lo C ^ 

T 2 - ^ - jdO^/0* h.n,'' = iDOxto'* w/ 



(cl) 6a - ~ ^ 


? - x e - loo 

Za = ?g = 7.T *»** 

A = (2oo)(l5o\ 30 y(o s ^*6 - 3D*/o~~ vn 

£ * 4 H ? Xa _ ivio 3 _ (-?troK76y/£) , M33 Y-/oo*/6 ; ) 

A I* " ^ottfcT 3 S&.Z6xlo' c loo *to~ c 

= &33y/o s P« - €33 kPa- 


(b) 6* - - 


P _ Mx?e , _ _ M x io a _ (-ZSo~)( IS*? 5’’) , (-^3SX 


A 1, 


3o*fo"- 


£(,.15 v/or c 


loo x to~ c 


•333 */o 3 Pa 


■333 kPx 


/£,) Let 6 ke file p«iVl an 48 wke^f neafpA-/ iVi4-e^5* r-4s, 

G'e. - O * 76- X & * ? 

- _ J£ _ Mxl?^ + M, r 0 

U * A Iy + I 2 

)/ - h f P ■ MyZs-l „ H>OXlO~ f C 4x|0 3 + C:i€oX2£ y JXi' i 

* ' M z ( A 1* j -433 l SOY>r : ~ Si.75*10'* f 


H&.2 * /o' 3 y* 


HQ , *2 kvii-t* 


s ihc- 2 »mha 4 f'Y* p t> ' ■* *f ^ # 
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Problem 4.195 



4.195 The curved bar shown has a cross section of 40 x 60 intn and an inner radius 
r, = f 5 mm. For the loading shown, determine the largest tensile and compressive 
stresses in the bar. 


Vi ~ 40 wik-, ^ ^\~ ^5 mivi ^ V'j, ~ »***o 

A - (£o)( 4 C>) * 2HOO x/o" G yn** 

V) _ . 


R - 


^ <fo 


r^w-i 


e - r ~ R ' 4 . 2 H 


r - i(r,+ 0 T ^ 
6 * = 


V**v\ 


My 


A+ f - I-S’ tviivs j ~ 3S.78G- /5" - 15.736 

Oiotos. 7 ".!!? ) -p. 


S'* - 


(24oo*(o'' 1 X^aif^fO -3 )(/5x/o“ 5 ) 


s -/2.yy MPa. 

|0 f‘o* - 

Af ~ 5T*»v, y - 3o.78& -Sf - - ^ 

= ^.*2 MPa. 


6 “ “ - 
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PROBLEM 4.0 


Aluminum 


^ _i___ 

b «= (>(.) min 


/? A - 2&- 


4.C1 Two aluminum strips and a steel strip are to be bonded together to 
form a composite member of width b — 60 mm and depth h — 40 mm. The 
modulus of elasticity is 200 GPa for the steel and 75 GPa for the aluminum. 
Knowing that M - 1500 N ■ m, write a computer program to calculate the max¬ 
imum stress in the aluminum and in the steel for values of a from 0 to 20 mm 
using 2-mm increments. Using appropriate smaller increments, determine 
(n) the largest stress that can occur in the steel, (b) the corresponding value 
of a. 


SOLUTION 


( ftLI STTe i) H- 

—»—— ^ 



A '£l> 7/?f>L 

. 


^S7^_-t_ 


~(y<b~ t) 



— - V& 

•i) fh h - b) 



- __ _ 1. w(j) 


-- AT POUrrJ Z-- - 

7 , ft-— 

Fan otq Zo usi*6 Z-?™ j hts/zvals com?u 7£ e 0r ^ , t~ - 

b = 60 mm h <= 40 mm M => 1500 N.m 
Moduli of elasticity: Steel = 200 GPa Aluminum = 75 GPa 



PROSKftM OUTPUT 


sxgma 

aluminum 


sxgma 

steel 


mm 

m'4/l0*6 

MPa 

MPa 

0.000 

0.8533 

35.156 

93.750 

2.000 

0.7088 

42.325 

101.580 

4.000 

0.5931 

50.585 

107.914 

6.000 

0.5029 

59.650 

111.347 

8.000 

0.4352 

68.934 

110.294 

10.000 

0.3867 

77.586 

103.448 

12.000 

0.3541 

84.714 

90.361 

14.000 

0.3344 

89.713 

71.770 

16.000 

0.3243 

92.516 

49.342 

18.000 

0.3205 

93.594 

24.958 

20.000 

0.3200 

93.750 

0.000 


Find ‘a’ for max steel stress 

and the corresponding aluminum stress 

6.600 0.4804 62.447 111.572083 

6.610 0.4800 62.494 111.572159 

6.620 0.4797 62.540 111.572113 

Max Steel Stress = 111.6 MPa occurs when a = 6.61 mm 
Corresponding Aluminum stress = 62.5 MPa 
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PROBLEM 4.C2 


~T 1 

t r 

| 




(=—/5c—'“i 6f.~t 


k — 

V 

—*4 


-—0^ —d 


L* 

*-— J 

1 J 

' c ~ J 

1 


<c- 

r 

L 

". f<t 

■* —/ '‘m 
<- ~y 

4. im 



4.C2 A beam of ihe cross section shown, made of a steel that is assumed 
to be elastoplastic with a yield strength o> and a modulus of elasticity E, is 
bent about the x axis, (a) Denoting by y Y the half thickness of the elastic core, 
write a computer program to calculate the bending moment M and the radius 
of curvature p for values of y Y from \dto\d using decrements equal to 5 t f . 
Neglect the effect of fillets. (£>) Use this program to solve Prob. 4.190 

SOLUTION 

Compote Mo^etfy OF /s/SR-rm T 

..-. .*--' -Jr 

JPFftSTIC MQMfP Ti M v ?r 

A J 

'■ ( cotisi&G-P yppea hal f= qf s^ct/on) <0 -5 


FTPPFS ft T JOHc T'O^s OF ft t*n> Ft ph&F 


O&TPjiL aft P/AS/tfiM 

_ _,0 y 




/ C 


°-z~ 1“ ^3 

<V3r- 

<*r- 


RfSULtTfrH7 

i -onces 

I _LLff,- x T r 

H-T F ? % h hr •(*- 


fts*ir fl t ur ('c-£ f ) 




M=21 

*7fS t 

(?ftp)vs of con v/f7utz£ 

<r _ %■£■ 

v'v r£p? 


CONTINUED 
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PROBLEM 4.C2 * CONTINUED 

I-— 1.—4 


'A 



* a. I*-»I 


JZRZ Vltrl Ol^6 W W£g ( c6H£,pt K UPPtR HUP 
C ~ d/k ot c&cxzs ^a-cr/of i) 

—— r y _ <r -1 fcVytftf 

E3 -*—T a < 

r~~J^ yI'cx a < S j ~~ R 7 **S ^'Jr 

7 < 


^V s >C ~ ptf 

a ^M%+ (* ~4)] 


a. i A 


BfHQM* fy/r^k/n M ~ 2 2T f? «. 


fcbPUZ OF <c/ v VfiTPKf ijy* <r^p ~ i£..p 


FpoPfrpM . ■ Aify /.v £*PPf£s##s Pop cl^ cond R, fj porz -n^ ) To M 
f~<5't Ay~ < 725 fc~fy) 0/r<?ft£AkftA/7S ' 

P^A'/FoTP Pt-ZZT fry, o .,., P&KL h* / to-Y -PA£> O = -5— , 

1 c7 a 


^5v P'PMj? 


Fa/7 tj^~ /i> pP/s ft 7' ~£fjz PyfezftPA^P^TP 

Po/vpv JT Z 2 fc^p„ ft au P^S'Tap, ft,70 P? * ~~L— / p£?/S'7 

/PPL>7 MUM£42/ cA/ \/AL U£r% pf-/Q P07 p’R&p &£>■£* 


For a beam of Prob 4.190 

Depth d « l40.01Ttin ' Width of flange bf « 120.00 mm 

Thickness of flange tf = 10.00 mm Thickness of web tw = 10.00 mm 

I « 0.000011600 m to the 4th 

Yield strength of Steel sigmaY a 300 MPa 

Yield Moment MY * 49.71 kip.in. 

yY(mm) M(kN.m) rho(m) 

For yielding still in the flange. 

70.000 49.71 46.67 

65.000 52.59 43.33 

60.000 54.00 40.00 

For yielding in the web 

60.000 54,00 40.00 

55.000 54.58 36.67 

50.000 55.10 33.33 

45.000 55.58 30.00 

40.000 56.00 26.67 

35.000 56.38 23.33 

30.000 56.70 20.00 

25.000 56.97 16.67 
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PROBLEM 4.C3 



4.C3 A 900 N • m couple M is applied to a beam of the cross section 
shown in a plane forming an angle p with the vertical. Noting that the centroid 
of the cross section is located at C and that the y and z axes are principal axes, 
write a computer program to calculate the stress at A, B, C, and D for values 
of p from 0 to 180° using 10° increments. (Given: I y = 2.59 X 10® mm 4 and 


l, = 0.62 X 10 6 mm 4 .) 

INPUT 


SOLUTION 


C*to ) 

ec>on E>//vpt-r&5 a * p. B, €, £> 




■ g 

zfr v rtS)-- 

vgr#*)* 

'C'QprJ&H&r-r-rs or? AX, 

to 


So 

SO 

■3o 

lo 


=■ 


isr 

sr 

1ST 




* to) <cas£> 


Jy. 


s?s! rW- 

2^ 2^ 

tobx? Q 7Z> /get * U£/SJ{- /T ** /A lCtf£rfUirr*7T, 

to&fi -7? =/ yo y US'#4 UMT 

to toss mo pp>*r sTJPSsser 

PBTu/Z/v 
tep Turin 


P/ZatSnftr'' ooypoT 


Moment of couple M <= - t> (fr 

Moments of inertia: Iy = t'S^ tfo^/n ^ Iz » 0>b7.'Sto M 


Coordinates of points A, B, D, and E (IKIO *) 



Point 

Point 

Point 

Point 

A: z(l) = £d: y(1) 

B: z(2) =-&>’. y (2) 

D: 2(3) y(3) 

E: z(4) * xj: y(4) 

- - - Stress at Points 

* .^r 
» ?r 

"34" 

berfa 

A 

b 


/? 


M P*\ 

Ni-Pc\ 

Mfti 

ftofin. 

0 

-£>•111 


X>' Hrl 

£%• f (o 1 

kto 

-X/- ^tpQ 

-7b til 

tf-Sr 


10 

-r7'7/3> 

P* 111 



no 

HI 

4 7 , 


-40^0$ 

no 

fj. /«»/ 

Xl* 1b ( 

~£>U>! 

-£x* 1 (?} 
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PROBLEM 4.C4 



4.C4 Couples of moment M ~ 2 kN • m are applied as shown to a 
curved bar having a rectangular cross section with h— 100 mm and 
b = 25 mm. Write a computer program and use it to calculate the stresses at 
points A and B for values of the ratio r x /h from 10 to 1 using decrements of 
1, and from I to 0. i using decrements of 0.1, Using appropriate smaller in¬ 
crements, determine the ratio rjh for which the maximum stress in the curved 
bar is 50 percent larger than the maximum stress in a strainght bar of the same 
cross section. 


SOLUTION 


JJ/fOT : h ~ ICO b= At * n, 


F-orZ J T/?a 1^7 BftK / ~ _ //-g faPa- 

---“■ T77M/6H7 -£ 


Fc>Lli,vjfn* fi/o~7 A Tfnf't r>r STirC, ■?, /£, Kfy /// 7V/ : 


r Z - + r j } /?-' h/j-» (n,- rj J Fj=- t, t r g : e =r r - R. j A = bh ~?Soo 

smecsec : M (r, -R)/(fle.r } ) "7“= Af (r 3 -/?))(fl*r±) (2) 

h - }OC>> Fcp rjh =/A f/ = /oao-rnsn, ^ f\LS <3 Tt/h'/Oj ^-/oo 

M -. f^ ori r, - 7 V* /00 AT - /CO &e.ereesr>j*HTS 

VS/s/6 JF&UA-/ 4 ,*' r>r- //jvtf I Am>JL £\jfU vr. r /t /#,/> T s 

f\Lso j?\#tiufir£ • 

f?£7Tjr?n fV/O ptPffty FO& ty - /<TV3 To VA /)/ -/# 7T 

FjfOPPAM OOTp’UT 


M = Bending Moment * 2. kN.m h = 100.000 in. 
Stress in straight beam - 48.00 MPa 


A = 2500.00 mm'2 


rl 

rbar 

R 

e 

sigmal 

sigma2 

mm 

mm 

mm 

mm 

MPa 

MPa 

1000 

1050 

1049 

0.794 

-49.57 

46.51 

900 

950 

949 

0.878 

-49.74 

46.36 

800 

850 

849 

0.981 

-49.95 

46.18 

700 

750 

749 

1.112 

-50.22 

45.95 

600 

650 

649 

1.284 

-50.59 

45.64 

500 

550 

548 

1.518 

-51.08 

45.24 

400 

450 

448 

1.858 

-51.82 

44.66 

300 

350 

348 

2.394 

-53.03 

43.77 

200 

250 

247 

3.370 

-55.35 

42.24 

100 

150 

144 

5.730 

-61.80 

38.90 

S3 ST 

========= 

===== 


- --- = 


100 

150 

144 

5.730 

-61.80 

38.90 

90 

140 

134 

6.170 

-63.15 

38.33 

80 

130 

123 

6.685 

-64.80 

37.69 

70 

120 

113 

7.299 

-66.86 

36.94 

60 

110 

102 

8.045 

-69.53 

36.07 

50 

100 

91 

8.976 

-73.13 

35.04 

40 

90 

80 

10.176 

-78.27 

33.79 

30 

80 

68 

11.803 

-86.30 

32.22 

20 

70 

56 

14.189 

-100.95 

30.16 

10 

60 

42 

18.297 

-138.62 

27.15 

==: 

========= 

=====. 



— =t st 

Find rl/h for (sigma max)/(sigma 

straight) 

= 1.5 

52.70 

103 

94 

8.703 

-72.036 

35.34 

52.80 

103 

94 

8.693 

-71.998 

35.35 

52.90 

103 

94 

8.683 

-71.959 

35.36 

iatio of 

stresses 

is 1 

. 5 for rl = 

52.8 mm or 

rl/h = 0 


10.000 

9.000 

8.000 

7,000 

6.000 

5.000 

4.000 

3.000 

2.000 

1.000 

1.000 

0.900 

0.800 

0.700 

0.600 

0.500 

0.400 

0.300 

0.200 

0.100 


0.527 

0.528 

0.529 


-1.033 

-1.036 

-1.041 

-1.046 

-1.054 

-1.064 

-1.080 

-1.105 

-1.153 

-1.288 

-1.288 

-1.316 

-1.350 

-1.393 

-1.449 

-1.523 

-1.631 

-1.798 

-2.103 

- 2.888 


-1.501 

-1.500 

-1.499 


[ Note; The desired ratio rl/h is valid for any beam 
having a rectangular cross section. ] 
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PROBLEM 4.C5 


4.C5 The couple M is applied to a beam of the cross section shown. 
(a) Write a computer program that, for loads expressed in either SI or U.S. cus¬ 
tomary units, can be used to calculate the maximum tensile and compressive 
stresses in the beam. { h ) Use this program to solve Probs, 4,7, 4.8, and 4.9. 


SOLUTION 


/£>PUT: M 


i _ I ;;l 



*_A__ p-ort ~r\- l n> ■»; EhtrR hy, 

K T. f - r AflRtSP (PRU<r) 

-, I-~-X " a 7 i" - t )iz *" 

V _—-- y a ’i £/wo/v/p// or eecT/i aboot oase"} 

t - -|.. . X (AflRffl) OLy, 

h ' _ *.. T 0. L _ _ t-pRR IaW ocf cSPoPS £JrCT/0*>~\ 

„ _/, ( __ BfiSE Jyy ~ stn £ A •9*1 j £\REA - O/Z&f* +■ & ARE ft 

Jjoca-T/o/v OP c.&fi't-rnoto E3 e\■:£ 

jj .» 'n/ftnEA (p&r*T) 

Mom£^7 ABOUT cr E)ylR 

Port ■>,*/ 75 -» • <x.„= +- ft*/? 

aJ~ A* A h //z + A)/— <2 --») 


Commutation on mtomsspr 



EcTToH 


Mmi /TEJ&vr : /Mrs. >,-/£*>> 

H~H-£ f)ry. 


Stress, at tz>p 


H~g 


[pbmt) 


STPBsS AT rZQ7TZ>N\ 


^BoyTOf* ^ 


(ffci/iT) 


S&t CtfXT PATE- pan /PTYT uurs 


CONTINUED 
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PROBLEM 4.CS - CONTINUED 


Problem 4.7 


Summary of Cross Section Dimensions 
Width (m) Height (m) 

0.225 0.05 

0.075 0.15 

Bending Moment = 60,000 Nm 
Centroid is 0.075 m above lower edge 
Centroidal Moment of Inertia is 79. x 10- 6 m 4 

Stress at top of beam = -94.103 MPa 

Stress at bottom of beam a 56.462 MPa 


Problem 4.8 


Summary of Cross Section Dimensions 
Width <m) Height (m) 

0.1 0.025 

0.025 0.15 

0.2 0.025 


Bending Moment =60000 fftn 

Centroid is 0.1194 m above lower edge 

Centroidal Moment of Inertia is 60.59 x l0" 6 m 4 


Stress at top Of beam = -79.815 MPa 
Stress at bottom of beam = 118.23 7 MPa 


PROBLEM 4.9 


Summary of Cross 
Width {mm) 
50 
20 


Section Dimensions 
Height (mm) 

10 

50 


Bending Moment = 1500.0000 N.m 

Centroid is 25.000 mm above lower edge 
Centroidal Moment of Inertia is 512500 mm ~4 


Stress at top of beam = -102.439 MPa 
Stress at bottom of beam = 73.171 MPa 


Proprietary Material. €> 201)9 The McGraw-Hill Companies, Inc. All rights reserved. No part of this Manual may be displayed, reproduced, or 
distributed in any form or by any means, without the prior written permission of the publisher, or used beyond the limited distribution to teachers 
and educators permitted by McGraw-Hill for their individual course preparation. A student using this manual is using it without permission. 
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PROBLEM 4.C6 



4.C6 A solid rod of radius c — 30 mm is made of a sled that is assumed 
to be elasloplastic with E - 200 GPa and tr r ~ 290 MPa. 'file rod is subjected 
to a couple of moment M that increases from zero to the maximum elastic 
moment M y and then to the plastic moment M p . Denoting by y r the half thick¬ 
ness of the elastic core, write a computer program and use it to calculate the 
bending moment M and the radius of curvature p for values of ty from 30 mm 
to 0 using 5-mrn decrements. (Hint: Divide the cross section into 80 horizon¬ 
tal elements of 1-ram height.) 


SOLUTION 


(** ?) 5 -' C/S hPct 




=• (Z%X/e )£{o-Ol)^ - 



Ct'tiSlOBP T&P f/flLF of Poo 

A Ft C — WUM8FK of A G-tfirH-rs a ~7oP MA&F 

AD- HF!£ r» OF fLef-n&F, r ; fj - 


Pg ~ S7&&S-S orr £■ i f'F t £ F*T 



FO>P 77 -O 70 i~ t 27*-* 1 
<j~T7 (Ai) 

2 - £ l (j7-+ a -s)Ab$ J 


if ^ 3y 


*■ V 

<S0 7& Z<x> 


£0 TO /oc, 
(ti-FGS) A h 


¥ /f? MIPA>A<Sf )7 OF £l* 7 M£ 7 >~ 


STf?£<S t# £A n$7K COFB 


• J 5 77 Z££S //Y P/..AST/*- -Boot - 


zoo zz/jl) 

A FORCE - (AMiFH) 

A A lOMjwy — £ FOEcf (4 . £) £ h 

fA~ M A A A* 

?* Wr>, 

PPM7 WWp. 

A>£xr ___ ______ *— 

?/?c>6?<pm output 

Radius of rod = 0,03 m 

Yield point of steel * 290 MPa 

Yield moment =» 615 MPa Plastic moment « 104.4 KNm 

Number of elements in half of the rod = 40 

y y (nun) P (nun x 10 3 ) 

30 20.690 

25 17.241 

20 13.793 

15 10.345 

10 6.897 

5 3.448 

0 0 


RFPFF7 

For? 

(jy- 

To 

%’ a 

AT 

PBC2£ft£H-n 
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PROBLEM 4.C7 



4.C7 The machine element of Prob, 4.178 is to be redesignet! by re¬ 
moving pari of the triangular cross section. It is believed that the removal of a 
small triangular area of width a will lower the maximum stress in the element. 
In order to verify this design concept, write a computer program to calculate 
the maximum stress in the element for values of a from 0 to 25 mm using 
2.5-mm increments. Using appropriate smaller increments, determine the 
distance a for which the maximum stress is as small as possible- and the 
corresponding value of the maximum stress. 

SOLUTION cSTtPX F/6 2#? 



M-SC&fiSm 

foe a. - o To A a 4 r £>J /// T£/-r -/etA 
h~ 3 - cl. " 


V 

4 ^ 4 (o-/(hs-e-D 
(& i~b 2 )( hh) 

5 4 h (%)+ £ 2 . 6 (*%J 





fW£Rgy> avrro' 7 ' 


r~ r x -(h~v) 

iRUtAl _ 

M'v 4 - hlh~ b *) 

*7 

€ = f - ff 

%- M(r,~ R)J^Qm (ex f})] 

T ^ M[r z -f<)/{^fi^y r s )\ 

Pe/s/r rw izeroPH 


a. 

R. 

s 


bt 

rhcw' 

<z 

heAv 

Ik n\ 



Av#vv. 

h\ h\- 

K(« . 

0 


~58-ifL 

1 4- ^ 

0 

iot-tpOO 

-3*6*3 

5 

7 8->7 3 

-£o- Z2-7 


4-3i8 

tot- 8fh 


iz<s 

<74-771 


ll-77o 

to- US 

ios-% 7 o 

7* £> 2 . 3 

zo 

io^-bX? 

- 4XX7X 

X 0 -X 83 

17-018 

to4-3°}<t 


z5 

lo$. 2 Ll 

- 4-$-02 2 ; 


XI- 0$-% 

10X718 

(‘481, 

Determination of 

the maximum 1 

compressive 

stress that is as small as possible 

CL 

K. 

ff/^J JD 


bt 


€ 

M fcv 

in^-hx 

MA 

M 

AvM 

/W^/Vv 

A^/vl , 

ts-x 

(<yV- fob 1 ) 

-4-4-/’ 

t8- Ztoo 

4 52/ 

/0'33£ 

0->7 7 

IS' (,lX 

too- 6 i&<> 


lft'*7U 

A 32/ 

/o- 53? 

0-277 

is- 7s' 

((TO- (gfrC, 


Z&-33 4--T 

A 32./ 

/t>* 35? 

0-277 . 

An she?: 

t0 f L£V\ C{, zi5" Fn M 'thjl 

riotv^rir.sr’tv'e- 

skiH 

's 44-7M/W 
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Chapter 5 
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Problem 5.1 


5.1 For the beam and loading shown, (a) draw the shear and bending-moment 
diagrams, ( b ) determine the equations of the shear and bending-moment curves. 



A ® 

free body di 

Ckc\ tons. 


vVL/2. 



VJl/x 



i?eao+to*\S , 


Oven foltoie beei«r> . O < 'jt, •< L 


Wl-^r O 

A - 

wi- 

z 

wl*y= o 

8 * 

mJr 
- z 



9Paet SC effovt at X. 


Replace olis+^We^ 
$o «,o( by €yutV*-/e*'H 
Concentrated Jpooid* 


4ir r -o: - WX - V - o 

V - w(~ -y) 

PlM r r o : -^X + wx| + M - o 


wLj 

z 

M- 

1v 

tzv 

O' 

WL 

% 


M - f (Lx-xM 
H - |r x(L- x') 


Mer)rr^c»m be vtdiuc. rn OlV) <3ir> OCCvtrS *-f X ~ 

H ^ 
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Problem 5.2 


5.2 For the beam and loading shown, (a) draw the shear and bending-moment 
diagrams, (ft) determine the equations of the shear and bending-moment curves. 


- a —■-*+*-. b - 

- L - 


Po-b 

L 




Rectoiions, 

(tFM c = O; LA - bP = o As 

M 

DIM,A* o: LC - Ctpr o C * ^ 
A Po 8 ' o ^ * & 

4 = o 2k _ V = 


= <3 


- V = O 


Pb M 4' 

L 


v= 

Pb 

i. 


«4|| 

o 

M - 

Pb * 

L X 

- o 


Fr-onn 8 +o C; 


M - Pbx 

' L 

CL < %, < L 


|*»~ L-X ~H -PA 

^Fv “ o; ^ ~ o 
^ L 


0 a 


o; 


M + ~ (L~ x ^ = o 

M - PtxCL-x) 

L 


A+ secP'^A P>; 


m = PqJq 

IF 
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Problem 5.5 


5.1 through 5.6 For the beam and loading shown, (a) draw the shear and bending- 
moment diagrams, ( b ) determine the equations oF the shear and bending-moment 



A 


re. IAH>CD os? pVee t>ad^ y 

+)H t = O: -A L + 'FCL-c,') + ? a - O 

A = P 

o: DL - Pa - PCL*a^ ^ O 

D r P 

dUec +-f F y - P — p - P + P - O 


C t> 


A B 



A 6 


C o 


f~V' , !yr\ A •+<? P> * O c - -C (X. 

J* ; +f iP Y = O : P- V = O 

Fp v=p 

- ^ 90 * J- V r 


+!) 5" Plj - 0 : -?*, +|^-o 

M * 'Px 


IS -po <2 ; etc -x, < L-ct 


-■A S 

P a. -J 


+r - o 

P- T>- V ^ o 

V = o -ft 


P^£>OA C -fo "D •' L~0L < x, ^ L 


+5 T'Mr ~ & 

- p96 + P{%6 - gA + M - o 
PI - Pet -** 


H ?) J P 


-VT^P, =0 S V+P-O 
Om T * O' -Hipa-ypo 


V * - P 


h - p ( L *) ** 
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Problem 5.9 


30 kX/m 




C ID 


goUW 



VCkU'i 
175 



(kkl'* v * N ' 



C D 


5.9 and 5.10 Draw the shear and bending-moment diagrams for the beam and 
loading shown, and determine the maximum absolute value (a) of the shear, (b) of the 
bending moment. 


(Ut Pc*J-e d 'Si ^ Qt£.yd&.£-$ 

J),‘g4w Uo’i’e.A /oaM Isy «xv> e^c>’\/e<./eiV \ 

C.o^e:e -i ^ 7 o kiJ ocP\<£>/' elv^.'V 1 4'W<? 

■fV** boeiy ACOB. 

OlH a = O*. -&A 4 (+\(&o) + ~ o 

A = 72 t 

blM^o; 3*8-0- C3VAoA - o 

B = 4*8 Utt t 

CAeck R “ O ? 73~<So-Go+-4'2>~ O 


A 4° d 


3a W/m 



O ^ X £ 2 .wo 


+f ZRj, - o : 


12kd 


75 - 30 -X, - V - o 
V ~ (75 - 3o pc ) k>J 

+3 TMj = or 

--J7. X f (3D *.>% + M = O 

M - (75. - tS* x ) Icvl-v^ 


C +o D * 2*” ? X ^ 3 r^i 

3o krJ/w. 2TR. “ O 

—r - 1 — r — i k/\ 7 


52 VM C*-^ 

+f2F r = o t V + MS^ o 
V - - ^3 kN 


V I‘f3k!d +^7^-0: 'H + ^(s'-X^ 
^ M- 24o ~ 42 x 


75 - (So W - V - O 

V = 12. kw 

+ 3rMj= or 

-75 X, 4- (3o)(5)(x-i')-f M =o 

M = (/2x + £o) Uti-Wi 

Fv-ovvt,- fine 

(SO IVL* ~ 72.0 UkJ -* 
(bl |MIv,o* " %.2 
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Problem 5.10 





-O' 1 ) -5<-0* 


r 


-<>**}- 


5.9 and 5,10 Draw the shear and bending-moment diagrams for Die 
beam and loading shown, and determine the maximum absolute value (a) of 
the shear, (h) of the bending moment. 


R etftc'f tows 

- o -[»$ A +(f‘ 1 i)W)-(o,<b(lZQ)* O 

/\ r ie.f c t , 5' ^ 

uoM Z H a * o c - - {2-7)(/*o> o 

(2, sr WO‘5M- f 



A +° C 

45 


-y 


/,,f r* -v 


ii ^ 

It 


0 < TL < /'£ M 

i^X. 

Jl. 


/ 9'5", 


4*4 

2 IV 


D M 



+ tlER =• O - V = O 

v --tf'F-ASx fdtsf 

= o - M * c> 

H 5 - 22 - & X 1 


C. 4o 6 


«f % <C Jt'7 Ai . 


V 

V 




4XF^ o. 


i)2H K r O 


>1 

V - /20 £) 

V - /ZO £tA| 


-M - fal-xYii-o) * O 

M“^OX - 32-4 |fcA/M- 

Ffr?M H* (<x\ }V|«^~ [to kf4 

ImL^ * tofrkhlto^ 
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Problem 5.11 





E ' /■ 


! 

-< ..>+*--.->-|-<...>- 

300 mm 300 mm 300 mm 300 mm 

V. C*A0 



M ( turn) 


GNU 


&• US' 


' O’ H-fy 
- /« ^2- 


(c0| MciKimiJK M 

(b^ I M ^ 

~ f* ^{% hr\ 




5.11 and 5.12 Draw the shear and bending-moment, diagrams for the 
beam and loading shown, arid determine the maximum absolute value («) of 
•he shear, ( b ) of the bending moment. 


i)r^r 0 

~4t>C + iHoo)U‘L) 4 • C$(&)(('L) - O 

’ c - 72 IN. 

±*z F* - 0 - c 4 G* - O G* - It- tN 

- 0 — l*(o — & ,c t + (yy ~ l‘b - O 

& £A/. 


A 4» E V- 

E 4* F V - - X Ls/. 

f~ F» 3 V ~ /• L> /La./ 

P& .A d 0 M - O 


At 7) Dzm 6 = o 

'L__ (*3)(Ub) 4 M - O 

^,3_| M ~ - 0'W IcAlto. 

At D* ,,<e v t>2» 0 « o 

,f _ _ ) - (6'Ot)(Tl) + M s O 

£> ' i ° 2 ' H T <?" */& 

1Z 

A4 %> * ° 

to-OO-’b)- (O'oUl^) + M « o 

M - O+tj-fr t-N/n 


At 



Sr m f = o 

-M -{t>.0Z) (72) - (0'J)(A £) * Q 

H " - /"I 2 - M*n. 

ZM F - o 

- H - (t»)(At) - O 

M ■= - fci *«//n,. 


www.elsolucionario.net 






Problem 5.12 


3kN 3hN 


450 N • m 


C| ny K 


300 200 200 300 

Dimensions in mm 


v (kifi 


5.II and 5.12 Draw the shear and bending-moment diagrams for the beam and 
loading shown, and determine the maximum absolute value (a) of the shear, (b) of the 
bending moment. 


„ 'D'z K e - o: Clones') - 450 4.(3jo)(s)- 1000 A~ o 

A -- Z.6S HbJ 1 

t)Z - o: ~($oo)( 3) - kSo - (700 '{3 ) + looaS *o 
B - 3,45' lew J 

A+ A. V - 2.55 kV H = o 


E 6 


-0.V5 


-3.45 


M (At- cm) 


1 035 




A C. D £ ® 


HC, V - 

Af C. r _ ! 


0rM c - O 
-(3 ooXzss') +■ M - O 
H “ 7G5 N • ib 


C 4o E„ V ” - iX-f'S , K /-nc 


A i D~ 


r _|2 ^ = o: 

-v M ~ o 


-f50o)f?.55)+ &oJ)(3 ) 

4 M - O 

M - CIS W-m 


A4 d 2 


t>TH D =o: 
) - {Soo\q.sS ' 


Zoa-^loo, 


-(5oeOfr>sO i(2oo)tS) 

- 4 50 + M =0 

H ‘ 1125 N-rn 


E +0 8. 


A* E, A-V 

C = 

U3oo 


'/ r - 3.45 kw 

i> = 0 ; 

□ -Mb (3oo)(3.^s) ~ O 

4 M - 1 03S 


At 8 , 


V = 3.45 kMj M) - 0 


(eO Maxi Miti« W l = 3.45 kW 

Us^ |Mi - 1125 hi - wi 
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Problem 5.13 



1.5 hJ 



'£ 

fill 

IJilllillUft 

!•- 1.5 ^ .** 


v (kN') 



M (.M-m) 

I <=\o 


-nz.S 


5.13 and 5.14 Assuming that the reaction of the ground to be uniformly distributed, 
draw the shear and bending-moment diagrams for the beam AH and determine the 
maximum absolute value (a) of the shear, {!>) of the bending moment. 


4U-? iajIioJP# 

+f 2 ^= 0 : \.s - US'- 1.5" =o 

vj - 2 W4/4, 

A 4« C. 

/>!— ^ + -o: Zv.~ V = o 

/ 'fTTn J V - (2.x) kM 

( |—Tt-sr V 

v a frU/* +f)Mj = 0 : -C^Cf") + M = o 

M= (^ ) W »t/Ul 

Af C”, x* o.z ^ 

\J ~ 0.6 k M - O. D2o m 
- 

C 4-0 D. O.'i W ^ x- ^ i. S.M 

o- *n m +f = ° ; 

mrfrtt-v = o 

U_ x _J v V = (Rx ’-4.5') WW 

M - - l.-S'X + 0 . 45 - ) 


A-f 41a « ce^4e>^ o4 4k« {?e«^ I X^ 0.75" t 
V - o K) -sr - <j„ i 125' 

- - 1 12.5" KJ-kvt 

A4 C\ 

Co) VXe^l^b^ f V l - 0.*? ifM * <?0<? NJ 

(kA 1 m U 112.5“ 
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Problem 5.14 


, .‘56 IfN 

lOkN/m . lOkN/m 


nn 


0.9 tii 0.9 m 0.9 m 0.9 in ^ 

V(UM) 1 


A c 


dI . e 8 




13.15 



C T> £ 


(a) Mayimifw W 1 

= 13 kW 


(fc*l (Ml 

- 13./5 kW-M 


5.13 and 5.14 Assuming that the reaction of the ground to be uniformly 
distributed, draw the shear and bending-moment diagrams for the beam AB and 
determine the maximum absolute value of (a) of the shear, (b) ofthe bending moment 


Ot/e^ vHoie V>€«tw\ r O 

3.6 w - (0.9 N |(io')-36 -{0.9)(/o) - 6 

W - IS kN/*t 


A }o C 

,10 kuAi 


0 < x < 0.9 *1 

iU>y _ 


iSfcMW • 1 V 

kx -jJ 


4 f Fy “ O ) 5x~/C>^-V- O 

V - 5x 


t)Z Mj * D 


M x T £ 


C H D 

\0kD/*, 


-pS*"}-- 4(loy)£ ■* M « o 

H - 2.6V 

V- ‘ASK/ 

M - Z.0Z5 kN- 


0.7 m < * * 1.8 







I5x- 9 - V : O 
V = l-STx - 9 


SZMr = O + 9 (x-MV 

+ H * O 


A+ £f 


T) +. 8 


M “ 7 . 5 x* - ?* + 9 .os* - o 

V \8 kN 
M - \Z.I5 

Dse ,Sy*>*eAyy +0 CaJtcoQdz 
He ske«r *.*al mow^eni. 


www.elsolucionario.net 





Problem 5.15 


5.15 and 5.16 For the beam and loading shown, determine the maximum normal 
stress due to bending on a transverse section at C. 
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Problem 5.19 


5.19 and 5.20 For the beam and loading shown, determine the maximum normal 
stress due to bending on a transverse section at C. 



m r 

ok 


Problem 5.20 


25 25 JO 10 10 
kN UN UN kN UN 




c to »K t V tG 


-6 @0.375 m = 2.25 m- 


W360 X 57.8 


I SkM 


S200 X 27.4 


Use CS -Fv'-e.e body. 

2T H c - o ; 

- m - 0- - o 

M = - 2^. 8 6 itU* vv, 

- - 2M.36 W-tvt 


FW W O x Si, * s= 

e /o' c ^ 3 


5 ^ess« <S~~ “g— 

a4.36-WO* ^ 

£T~ -T-;—rz ~ 27.7x Q Pei 

S' - 27.7 MPa„ -«s 


5. J J> and 5.20 For the beam and loading shown, determine the maximum normal 
stress due to bending on a transverse section at C. 


Use finTiVe bectrm cts Wee bo 

5 2 M,« o: 

2.7S A - 0-.87-ST '\(9.S') - (\.sX%5) - (l.JWMo) 

— (0*7SUOcO - (0.27S)(lo) « O 


M A r 47.5 /rw 

ApjcJ Use poir4it>to AC Q.s -Wee. body. 


47.5 V 

For S x 27.4, 


•(0-37S-)(47.5) + M = O H - 17.8/25 kW-m 
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Problem 5.22 


5.22 and 5.23 Draw the shear and bending-moment diagrams for the beam and 
loading shown and determine the maximum normal stress due to bending. 
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Problem 5.23 

0 k N/m 


5.22 and 5.23 Draw the shear and bending-moment diagrams for the beam and 
loading shown and determine the maximum normal stress due to bending, 
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Problem 5.25 


S.2S Draw the shear and bending-moment diagrams for the beam and 
loading shown and determine the maximum normal stress due to bending. 
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Problem 5.26 


5.26 Knowing that W= 12 kN, draw the shear and bending-moment diagrams for 
beam AB and determine the maximum norma] stress due to bending. 
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Problem 5.27 


8 kN 


w 

8 kN 
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5.27 Determine (a) the magnitude of the counterweight W for which the maximum 
absolute value of the bending moment in the beam is as small as possible, ( b ) the 
corresponding maximum normal stress due to bending. (Hint: Draw the bending- 
moment diagram and equate the absolute values of the largest positive and negative 
bending moments obtained.) 
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Problem 5.28 


5.28 Knowing that P - Q = 480 N, determine (a) the distance a for which the 
absolute value of the bending moment in the beam is as small as possible, ( b ) the 
corresponding maximum normal stress due to bending. (See hint of Prob. 5.27.) 


r V 12-on 

500 min-——500 mm—»-| -**d 

mr~ MEME 3 B 9 isL 





p r Hgo W a= 480 W 

R\o*a Jt A„ -O - o r 

~ A a + 480 - H&o'O - cC) - o 

A = (<360 - 2&1} N 

S e-tA el mo^e^f~ a, f C» — O" 




6.5* A + M c - O 




M c =• 6.5* A 


(48o - a ) W-*, 


cl l vi ^ ivt ow^e^f" I), 

V |6-42joU , x 

|_i - M 0 480 (l-aA =• O 

^ I ® M- - rfl30(l-O.) 0 • ton 


tecs') kooaW,. - M 0 “ M c 480 ( I - a') - 4 80 


<3^0- ?>66o3 vvi 


cl ^ 266 wi*6 * 


A - 1^8.62 N H. = 64.31 A/* h-i 


M 0 * -S43 I N-v* 


(V> ^ Fcji/' !'-£• e-4" Cutn j a /isiiA s e c-4" i* U’ 


s 


S=7-(l^)0' 2 ' S S * G48 mm = 648 Wo~ kv, 


IML* £4.3! 

^ T" r 648^ rq * ^.**1° P*. 6^4<?.7MP*. 


Proprietary Material © 2009 The McGraw-Hill Companies, Inc. Ail rights reserved. No part of this Manual may be displayed, reproduced, or 
distributed in any form or by any means, without the prior written permission of the publisher, or used beyond the limited distribution to teachers 
and educators permitted by McGraw-Hill for their individual course preparation, A student using this manual is using it without permission. 


www.elsolucionario.net 





Problem 5.29 


5,29 Solve Prob. 5.28, assuming that P - 480 N and Q = 320 N. 
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5.28 Knowing that P = Q = 480 N, determine ( a ) the distance a for which the 
absolute value of the bending moment in the beam is as small as possible, (/>) the 
corresponding maximum normal stress due to bending. (See bint of Prob. 5.27.) 

P ~ 4&o N Q. = 320 M 

18 rum 'R ion &A A, -- or 

\ * 

A a + HZ o (a- 0.5) - szo (i- a) = O 
A-= ($oo ~ ) N 

<S-4 <C« +3 2" Pt^, - O S 

A c -a£A + t^v e = o 



\A C - o.s A 


- (Hoo - ^ ) b/. wi 


(2> i n ks^ o e^t~" rtf t), +5 2 Pl^ ” ^ * 


M 6 ^1p _j, 

^ t=z=z5 s 

1* I -a. A 


Q.-320(2 


- M 0 - 320 (]- a) ~ o 

M d = (-3^ + 3W(3u'l 


Cou) StjsoJe. - M d ~ M<, 320 - 32o ^ - too 

Zlo CL + goa ~ ^go = £> a = 0.S/37'SM i? -/.O4 873irv> 

Pd-jer^f ■foo'f . q, - S/^ *'>**) 

A-- IIC.OH W M c ~ SS.ooi M 0 * -.S&.0O6 fJ-tv, 

Fcto nei4 seo'I'io^j S ~ "4 

S - iOzlGz^ - 64S ^ 


TV <r_- 87 .rMP«. 


Proprietary Material. © 2009 The McGraw-Hill Companies, Inc. Ail rights reserved. No part of this Manual may be displayed, reproduced, or 
distributed in any form or by any means, without the prior written permission of the publisher, or used beyond the limited distribution to teachers 
and educators permitted by McGraw-Hill for their individual course preparation. A student using this manual is using it without permission. 


www.elsolucionario.net 






Problem 5.30 



W360 X 32.9 
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2,4 m 1.5 m 
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5.30 Determine (a) the distance a for which the absolute value of the 
bending moment in the beam is as small as possible, ( b ) the corresponding 
maximum normal stress due. to bending. (See hint of Prob, 5.27.) 

{Hint: Draw the bending-moment diagram and equate die absolute values of 
(lie largest positive and negative bending moments obtained.) 
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Problem 5.32 



5.32 A solid steel rod of diameter d is supported its shown. Knowing 
that for steel y -- 7860 kg/m 5 , determine the smallest diameter d that can be 
used if the normal stress due to bending is not to exceed 28 MPa. 
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Problem 5.34 


5.34 Using the method of Sec. 5.3, solve Prob. 5.1a. 

5.1 through 5.6 Draw the shear and bending-moment diagrams for the beam and 
loading shown. 
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Problem 5.35 


5.35 Using the method of Sec. 5.3, solve Prob. 5.2a. 



5.1 through 5.6 Draw the shear and bending-moment diagrams for the beam and 
loading shown. 
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Problem 5.36 


5.36 Using the method of Sec. 5.3, solve Prob. 5.3a. 



5.1 through 5.6 For the beam and loading shown, (a) draw the shear and bending- 
moment diagrams, (b) determine the equations of the shear and bending-moment 
curtes. 
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5.37 Using the method of Sec. 5.3, solve I’rob. 5.4a. 

5.1 through 5.6 Draw the shear and bending-moment diagrams for the beam and 
loading shown. 
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Problem 5.38 


5.38 Using the method of Sec. 5.3, solve Prob. 5.5a. 



5.1 through 5.6 For the beam and loading shown, (a) draw the shear and bending- 
moment diagrams, (5) determine the equations of the shear and bending-moment 
curves. 
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Problem 5.39 


5.39 Using the method of Sec. 5.3, solve Prob. 5.6a. 

5.1 through 5.6 Draw the shear and bending-moment diagrams for the beam and 
loading shown. 
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Problem 5.40 


5.40 Using the method of Sec, 5.3, solve Prob. 5.7. 




5.7 and 5.8 Draw the shear and bending-moment diagrams for the beam and loading 
shown, and determine the maximum absolute value ( a) of the shear, (b) of the 
bending moment. 
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Problem 5.41 


5.41 Using the method of Sec. 5.3, solve Proh. 5.8. 


M kN 24 kN 24 kN 
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5.7 and 5.8 Draw the shear and bending-moment diagrams for the beam and 
loading shown, and determine the maximum absolute value (a) ofthe shear, ( b ) of the 
bending moment. 
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Problem 5.44 
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5.44 and 5.45 Draw the shear and bending-moment diagrams for the beam and 
loading shown, and determine the maximum absolute value (a) of the shear, (b) of the 
bending moment. 
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Problem 5.45 


S.44 and 5,45 Draw the shear and bending-moment diagrams for the beam and 
loading shown, and determine the maximum absolute value (a) of the shear, (ft) of the 
bending moment. 
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Problem 5 46 Us ' R 8 t * le ff»«thod of Sec. 5.3, solve Prob. 5.15. 

5.15 and 5.16 For the beam and loading shown, determine the maximum normal 
i0 l-jyf stress due to bending on a transverse section at C. 
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Problem 5.47 


5.47 Using the method of Sec. 5.3, solve Prob. 5.16. 


5.15 and 5.16 For the beam and loading shown, determine the maximum normal 
stress due to bending on a transverse section at C. 
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Problem 5.48 


5.48 Using the method of See. 5.3, solve Prob. 5.17. 
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S.17 For the beam and loading shown, determine the maximum normal 
stress due to bending on a transverse section at C. 
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Problem 5.49 


5.49 Using the method of Sec. 5.3, solve Prob. 5.18. 
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5.18 For the beam and loading shown, determine the maximum normal stress due 
to bending on section a-a 
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Problem 5.50 



5.50 and 5.51 Determine (a) the equations of the shear and bending-moment curves 
for the beam and loading shown, ( b) the maximum absolute value of the bending 
moment in the beam. 
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Problem 5.51 



5,50 and 5.51 Determine (a) the equations of the shear and bending-moment 
curves for the beam and loading shown, (A) the maximum absolute value of the 
bending moment in the beam. 
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Problem 5.52 


5.52 For the beam and loading shown, determine the equations of the shear and 
bending-moment curves and the maximum absolute value of the bending moment in 
the beam, knowing that (a) k = 1, (b) k = 0.5. 
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Problem 5.53 5.53 Determine (a) the equations of the shear and bending-moment curves for the 

beam and loading shown, ( b) the maximum absolute value of the bending moment in 
the beam. 
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Problem 5.56 


5.56 and 5.57 Draw the shear and bending-moment diagrams for the beam and 
loading shown and determine the maximum normal stress due to bending. 
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Problem 5.57 


5.57 Draw the shear and bending-moment diagrams for (he beam and 
loading shown and determine the maximum normal stress due to bending. 
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Problem 5.59 


5.58 and 5.59 Draw Ihe shear and bending-moment diagrams for the beam and 
loading shown and determine the maximum normal stress due to bending. 
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Problem 5.61 


= iv,, 


It t>-. A 


5.61 Knowing that beam All is in equilibrium under the loading shown, 
draw the shear and bending-moment diagrams and determine the maximum 
normal stress due to bending. 
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Problem 5.62 


2 kN/n 



18 ram 


5.62 Beam AB supports a uniformly distributed load of 2 kN/m and two 
concentrated loads P and Q. It has been experimentally determined that the norma! 
stress due to bending in the bottom edge of the beam is -56.9 MPa at A and -29.9 
MPa at C. Draw the shear and bending-moment diagrams for the beam and determine 
the magnitudes of the loads P and Q. 
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Problem 5.64 



*5.64 The bcam/t/i supports a uniformly distributed load of 7 kN/m and 
two concentrated loads P and Q The normal stress due to bending on 
the bottom edge of tire lower flange is I 100 MPa at. D and 1-73 MPa at E. 
(a) Draw the shear and bending-moment diagrams for the beam, (b) Determine 
the maximum normal stress due to bending that occurs in the beam. 
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Problem 5.65 


5.65 and 5.66 For the beam and loading shown, design the cross section of the beam, 
knowing that the grade of timber used has an allowable normal stress of 12 MPa. 
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Problem 5.66 


5.65 and S.66 For the beam and loading shown, design the cross section of the beam, 
knowing that the grade of timber used has an allowable normal stress of 12 MPa, 
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20 kN 


Problem 5.67 
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5.67 and 5.68 For the beam and loading shown, design the cross sec¬ 
tion of the beam, knowing that the grade of timber used has an allowable normal 
stress of 12 MPa. 
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Problem 5.68 
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5.67 and 5.68 For the beam and loading shown, design the cross sec¬ 
tion of the beam, knowing that the grade of timber used has an allowable normal 
stress of 12 MPa. 
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Problem 5.69 


S.69 and 5.70 For the beam and loading shown, design the cross section of the beam, 
knowing that the grade of timber used has an allowable normal stress of 12 MPa. 
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Problem 5.70 


5.69 and 5.70 For the beam and loading shown, design the cross section of the beam, 
knowing that the grade of timber used has an allowable norma! stress of 12 MPa. 
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Problem 5.71 
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5.71 and 5.72 Knowing that the aJIowabie stress for the steel used is 160 MPa, 
seleet the most economical wide-flange beam to support the loading shown. 
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Problem 5.72 


5.71 and 5.72 Knowing that the allowable stress for the steel used is 165 
MPa, select the most economical wide-flange beam to support the loading shown. 
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Problem 5.73 
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5.73 and 5.74 Knowing that the allowable stress for the steel used is 160 MPa, select 
the most economical wide-flangc beam to support the loading shown. 
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Problem 5.74 


5.73 and 5.74 Knowing that the allowable stress for tire steel used is 160 MPa, select 
the most economical wide-flange beam to support the loading shown. 
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Problem 5.75 


5.75 and 5.76 Knowing that the allowable stress for the steel used is 160 MPa, 
select the most economical S-shape beam to support the loading shown. 
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Problem 5.76 


5.7S and 5.76 Knowing that the allowable stress for the steel used is 
165 MPa, select the most economical S-slmpe beam to support the loading 
shown. 
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Problem 5.77 


5.77 and 5 .78 Knowing that the allowable stress for the steel used is 160 MPa, select 
the most economical S-shape beam to support the loading shown. 



v-(ion 







By Sy rv'^e-'i’wy B = G 

+^^0: -7u ■+ 8 - + C ~lo =0 

B - <2. - UK) t 


^>Keet»A 

v a ~ 
v 6 + -- 

VtT 


V A - -7o kN* 

-7o + 0 - -7o ktd 

-70 4 £72. S' - 2C»11- S kM 
20Z.S* - tfYns) * - zoi.s uv 
- 202.5 + 272.S * 7(7 UM 


V D 5 70 kw 

fav'tu.w sloe<^^ <7^ a Locajfe poiTv'f & 

V = O. 

E is. -H« kw icjpoiVf o'P 

AtAe-^ts crF ske«^.>o 

A 8. 5 VeP* - (3K-7*?') r-^JokK)*^ 

B 4* F. 5Vdx “ W.iJJ ItU-»* 

c +» c. i ^(v.^K-2»2.sy -vsusrw).*, 

C-h O, SWt*- £3)£7*) " 2/c? ku.w, 


>v\ o tv.e^~f s * M a = O 

M a - O - mo - -2./0 WW*v* 

SSS.C2S - MS.&Z5 kP 
M c ~ - HSS.CZS = -2/OfeW*^ 

Mp - - 210 + 2.10 r O 

l M Lc* r 

6" m «* - ICO MPet.^ j Qo * lO C Pc 

~ - iMi 
D - 7=r- 


C - Uli - i^££is^i£2 - , 

^ ~ <7 l£.nvt/->t " ISSS2 itlO 1 


€T |to y [O fe 
= IS35. 2. X /O 3 K,vw 3 


Ska-pe 

S (lt*Ji) 

5 67t?*U<i 

288o 

S>> 98.3 

I9SO <- 

S HGo^loH 

l&85~ 

Lt^iv^esg-f 

-S - shn^e 


%S\0 x 98. 3 


www.elsolucionario.net 









Problem 5.78 


5.77 and 5 .78 Knowing that the allowable stress for the steel used is 160 MPa, select 
the most economical S-shape beam to support the loading shown. 
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Problem 5.79 
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5-79 A steel pipe of 10-mm diameter is to support: the loading shown. 
Knowing that the stock of pipes available has thicknesses varying from 6 mm 
to 24 mm in 3-mro increments, and that the allowable normal stress for the steel 
used is 165 MPa, determine the minimum wall thickness / that can be used. 
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Problem 5,80 


5.80 Three steel plates are welded together to form the beam shown. Knowing that 
the allowable normal stress for the steel used is 154 MPa, determine the minimum 
flange width b that can be used. 
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Problem 5.81 


5.81 Two metric rolled-steel channels are to be welded along their edges and used to 
support the loading shown. Knowing that the allowable normal stress for the steel 
used is 150 MPa, determine the most economical channels that can be used. 
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Problem 5.82 

9 kN 


S.82 Two LI 02 x 76 rolled-steel angles are bolted together and used to support the 
loading shown. Knowing that the allowable normal stress for the steel used is 140 
MPa, determine the minimum angle thickness that can be used. 
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Problem 5.83 


Total load = 2 MN 
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5.83 Assuming the upward reaction of the ground to be uniformly distributed and 
knowing that the allowable normal stress for the steel used is 170 MPa, select the 
most economical wide-flange beam to support the loading shown. 
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Problem 5.84 
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5.84 Assuming ihe upward reaction of the ground to be uniformly dis¬ 
tributed anti knowing that the allowable normal stress for the steel used is J 65 
MPii. select the most economical wide-flange beam to support the loading shown, 


HKsWi W4«A V s C .rclie.uu - g ~~ ^ * /• £■/ j/h 


Shear' - 

v e - - 

V 6 + - 

v c » . 

Vc + « 

v & * 


V A - o 

O 4 - £rl‘3kbj 

*>3J4»b — o-f r- -ILL- 7 Lt'i 

-O'it,"} 4 . h'i(;44(fbb) - 2,00-T IN, 
2.b&*y — O'^ — ■***J5'sS3 

- & + (hi) ib ny-tt) =o kN. 


Atxe*.5 * A ^ B (j)(I- l)(!> ? Z'ZJ - 'I m 

8 +o E (L)(0'k) (-z6J>?f) ~ -tt&kb}^ 

r C (i )£»• C2 fb&ri) = /k. 

C k t> (i)^>6^3*3 ^ 


‘% < ZJ>k-hjh' 


mowe w-As : t“1* 5 

Ms “04 j2-<3 = l%oL A/tw.. 
Mgr ' -33-® -§o - 'ZQokbi**. 
Mr. - >40 4 £-6 * $2-0Lb\ K.. 
Mo - 32*0 - 32-0 « O 


M o-x t tvulw\ IM 1 

6wi : U> £ fazf a 


zy&hN M. 


'Wirt 


IMI . 3^ g d-ep. 
£w4 / t-r'X't/ 




Stripe 

S (jiO Actr? 

W£$o%n-z- 

2-0"] cb&~~ 

W x 1(3 

l-tf-GO 

MN-to x a if 

Zb 0 0 

WHoX IZb 

b°io 

W£to X /<f3 

%iirO 

t'V/.SP i fl t>1 

?o$e 


j^} 3 f o ^ M. M 1 

L-i^l s -}es'f W- shaped sec/floon 

W X^2- 


Proprietary Material. © 2009 The McGraw-Hill Companies, Inc. All rights reserved, No part of this Manual may be displayed, reproduced, or 
distributed in any form or by any means, without the prior written permission of the publisher, or used beyond the limited distribution to teachers 
and educators permitted by McGraw-Hill for their individual course preparation. A student using this manual is using it without permission. 


www.elsolucionario.net 




Problem 5.85 
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5.85 Determine the largest permissible distributed load yv for the beam shown, 
knowing that the allowable normal stress is +80 MPa in tension and -130 MPa in 
compression. 
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Problem 5.86 


5.86 Solve Prob. 5.85, assuming that the cross section, of the beam is reversed, with 
the flange of the beam resting on the supports at B and C. 


5.85 Determine the largest permissible distributed load w for the beam shown, 
knowing that the allowable normal stress is +80 MPa in tension and -130 MPa in 
compression. 
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Problem 5.87 


5.87 Determine the allowable value of P for (he loading shown, know¬ 
ing that the allowable normal stress is I 55 MPa in tension and -125 MPa 
in compression. 
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Problem 5.88 


250 hi ml 250 mm 
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5.88 Solve. Prot). 5.87, assuming that the T-shaped beam is 'inverted. 

5.87 Determine the allowable value of I* for the loading shown, know¬ 
ing that the allowable normal stress is +55 MPa in tension and 125 MPa 
in compression. 
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Problem 5.90 


5.90 Beams AB, BC, and CD have the cross section shown and arc pin-connected at 
B and C. Knowing that the allowable normal stress is +110 MPa in tension and -150 
MPa in compression, determine (<?) the largest permissible value of P if beam BC is 
not to be overstressed, (b) the corresponding maximum distance a for which the 
cantilever beams AB and CD are not overstressed. 
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Problem 5,91 


1/2 .- W310X74 

gq,” J 

r " " '.'1 


S.91 A 240-kN load is to be supported at the center of the 5-m span shown. Knowing 
that the allowable normal stress for the steel used is 165 MPa, determine ( a ) the 
smallest allowable length / of beam CD if the W310 x 74 beam AB is not to be 
overstressed, (/>) the most economical W shape that can be used for beam CD. 
Neglect the weight of both beams. 
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Problem 5.92 


5.92 B earn AHC is bolted to beams DUE and ECO. Knowing that the 
allowable normal stress is 165 MPa, select the most economical wideflange 
shape that cart be used (a) lor beam ABC, (b) tor beam DUE, (<;) for beam 
ECO. 
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Problem 5.93 

66 kN/ni mfikNAn, 



5.93 A uniformly distributed load of 66 kN/m is to be supported over the 6-m span 
shown. Knowing that the allowable normal stress for the steel used is 140 MPa, 
determine (a) the smallest allowable length/ of beam CD if the W460 x 74 beam AH 
is not to be overstressed, ( b ) the most economical W shape that can be used for beam 
CD. Neglect the weight of both beams. 
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Problem 5.94 
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*5.94 A roof structure consists of plywood and roofing material supported by several 
timber beams of length L~ 16m. The dead load carried by each beam, including the 
estimated weight of the beam, can be represented by a uniformly distributed load w D 
= 350 N/m. The live load consists of a snow load, represented by a uniformly 
distributed load w L = 600 N/m, and a 6-kN concentrated load P applied at the 
midpoint C of each beam. Knowing that the ultimate strength for the timber used is 
n,j = 50 MPa and that the width of the beam is b - 75 mm, determine the minimum 
allowable depth h of the beams, using LRFD with the load factors yo ~\.2,yt,~ 1.6 
and the resistance factor (ji — 0.9. 
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Problem 5.95 
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*5.95 Solve Prob. 5.94, assuming that the 6-kN concentrated load P applied to each 
beam is replaced by 3-kN concentrated loads P| and P> applied at a distance of 4 m 
from each end of the beams. 

*5.94 A roof structure consists of plywood and roofing material supported by several 
timber beams of length L - 16 m. The dead load carried by each beam, including the 
estimated weight of the beam, can be represented by a uniformly distributed load w» 
= 350 N/m. The live load consists of a snow load, represented by a uniformly 
distributed load viy, = 600 N/m, and a 6-kN concentrated load P applied at the 
midpoint C of each beam. Knowing that the ultimate strength for the timber used is 
ay = 50 MPa and that the width of the beam is b - 75 mm, determine the minimum 
allowable depth h of the beams, using LRFD with the load factors yn = 1.2, yt = 1.6 
and the resistance factor A 0.9. 


L =• 16 a ; 4m, W p - 3£o fU/m - kwA> 

w u = Goo N/»~ - O.ckU /n P - 3 kM 

Pgectd joftgI * P* “ S') ~ ?.8 iJJ 

Av^eec A 4i> C esT st>e<S'/ > i*' 1 

“ U.Xkti-* 

Seeding a4 C : 11.2 kkh M - If.2 Wo 3 

Live LaJ : R*- i[(l<;Xo.6)4 34 3]- 7.8 kN 

Sheas <x\ D~ 7.3 -(H)(o.£')* S.H kh> 

Sheas o4 D + S.H - Z - 2.4 kV 

A4oB 26.4 kYJ* tv, 

A^ec DfoC (i)(^)(^) - 4.8 k)J-»> 

Be* <4 trt«n nnc>*'> e*f aiC - 26.4 f 4.8 - 3A2k»J-K, 

J - 3/.2*l© 3 A/.«n 


Design ; Y; M 0 + X M L = cpM 0 -(p&j S 

s _ O.^Xn.^io t )-vCixY3i.3>ro 3 ) 

' (O.lX^oy/oD 

= I.H-08 * |ef 3 - |. J io8>'/o c ^ 

Ft*/" *c SCe/fion S r £■ b R 

^ , r ^65 _ yfeX )VMo&»toD 

H = '2>3£*ihi 
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Problem 5.97 



L ~ 
a. - 

? t 7 VS U! 

* 2£T k.fi-1 
W ~ 1/ khijhn 


*5.97 Assuming that the front and rear axle loads remain in the same 
ratio as for the truck of Prob. 5.96, determine how much heavier a truck could 
safely cross the- bridge designed in that problem. 

* 5.96 A bridge of length L — 15 rn is to be built on a secondary road 
whose access to trucks is limited to two-axle vehicles of medium weight. It 
will consist of a concrete slab and of simply supported steel beams with an 
ultima te strength a u -• 420 MPa, The combined Weight of the slab and beams 
can be approximated by a uniformly distributed load w = 11 kN/in on each 
beam. For the purpose of the design, it is assumed that a truck with axles 
located at a distance a 4 m from each other will be driven across the 
bridge and that the resulting concentrated loads P, and P z exerted on-each 
beam could be as large as 95 kN and 25 kN, respectively. Determine the 
most economical wide-flange shape for the beams, using LRFD with the 
load factors y D ~ 1.25, y L ■= 1.75 and the resistance factor <f> = 0.9. [Hint: 
It can be shown that the maximum value of I M,\ occurs under the larger load 
when that load is located to the left of the center of the beam at a distance 
equal to aP^P t 4 P 2 ).] 
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Problem 5.98 
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5.98 through 5.100 (a) Using singularity functions, write the equations defining the 
shear and bending moment for the beam and loading shown. (6) Use the equation 
obtained for M to determine the bending moment at point Cand check your answer 
by drawing the free-body diagram of the entire beam. 
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Problem 5.99 
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5.98 through 5.100 {a) Using singularity functions, write the equations defining the 
shear and bending moment for the beam and loading shown, (b) Use the equation 
obtained for M to determine the bending moment at point C and check your answer 
by drawing the free-body diagram of the entire beam. 






M 


Ita. 

W,x ! . «.<*-<*>** 


— .lift 

Go. 


+ "O l 

a 


A+ poivf C x 


- Sec 






- ^ M «-!W e a 

«=• " Go. 4 3. 6a. ’ c 3 



Proprietary Material. 0 2009 The McGraw-Hill Companies, Inc. All rights reserved, No part of this Manual may be displayed, reproduced, or 
distributed in any form or by any means, without the prior written permission of the publisher, or used beyond the limited distribution to teachers 
and educators permitted by McGraw-Hill for their individual course preparation. A student using this manual is using it without permission. 


www.elsolucionario.net 










Problem 5.100 



5,98 through 5.100 («) Using singularity functions, write the equations defining the 
shear and bending moment for the beam and loading shown. (6) Use the equation 
obtained for M to determine the bending moment at point C and check your answer 
by drawing the free-body diagram of the entire beam. 


H - 4 <y-.fi.> 3 

3. &ix < 20 - 

A+ pom'f C X = 

(M tf c = - 'OgeS , M c - W 


Check: v ' ' c 2 
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Problem 5.101 
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5.101 through 5.103 ( a ) Using singularity functions, write the equations defining 
the shear and bending moment for the beam and loading shown, (b) Use the equation 
obtained for M to determine the bending moment at point E and check your answer 
by drawing the free-body diagram of the portion of the beam to the right of E. 

+ 3ap f- 2<x? - O 

. A - I. ZS P 

(p.) V ~ I.^TP- P < % - ev->° ~p<x-2xf -* 

M ~ f.35 p^.- P<y-ex>' - P<X~pQ.< 

(bl A+ E tC~ 

p1 fi “ 1.25 P CSd*.') - P - P - 0.1 So fee. •«*0 
A — P-P+'D ~ o D * o.isv P f 
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Me (^ E CZIIl 02M C = O -Mg. + <2.75*0Pa. * O 

k- «. J‘ 

M 

<5.7X0 P 
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Problem 5.102 

tt ; 0 

j if. B E C 

M *V 6 


5.101 through 5.103 (a) Using singularity functions, write the equations defining 
the shear and bending moment for the beam and loading shown. (6) Use the equation 
obtained for M to determine the bending moment at point £ and check your answer 
by drawing the free-body diagram of the portion of the beam to the right of E. 
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Problem 5.103 


—a—*» ~b--~ aa — 


5.101 through 5.103 (a) Using singularity functions, write the equations defining 
the shear and bending moment for the beam and loading shown. (Z>) Use the equation 
obtained for M to determine the bending moment at point E and check your answer 
by drawing the free-body diagram of the portion of the beam to the right of E. 
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Problem 5.104 


5.104 (a) Using singularity functions, write the equations for the shear and bending 
moment for beam ABC under the loading shown. ( b ) Use the equation obtained for M 
to determine the bending moment just to the right of point D. 
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Problem 5.105 

5.105 (a) Using singularity functions, write the equations for the shear and bending 
moment for beam ABC under the loading shown, ( b ) Use the equation obtained for M 



to determine the bending moment just to the right of point B. 

(W> V - -p<x-*>° 

M - - P^v-ciy - Pa.<.x-<xy° 

J"<JS,f Po Plie tAt"0 k."f cl ”3 * ~ tX* 

(L) M “ - O - Pa. H = 
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Problem 5.106 
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5.106 through 5.109 (a) Using singularity functions, write the equations for the 
shear and bending moment for the beam and loading shown, (b) Determine the 
maximum value of the bending moment in the beam. 


+^IM e - o ; = c> 

R. - 4o kM 


0.6 m (1.9 m 


(W V * 4o - 48<x-|.S>°- Go<*- 3 . 0 >“ +• GO<x-3.6> kW 

M= HOyt - 48 <V - /-5>’ - 6g><X-3.o>’ 4 6o<y-3.6>' kW-hi 
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A O O 
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Problem 5.107 
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5.106 through 5.109 (a) Using singularity functions, write the equations for the 
shear and bending moment for the beam and loading shown. ( b ) Determine the 
maximum value of the bending moment in the beam. 
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Problem 5.108 


5.106 through 5.109 (a) Using singularity functions, write the equations for lire 
shear and bending moment for the beam and loading shown. ( b ) Determine the 
maximum value of the bending moment in the beam. 
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5.106 through 5.109 (a) Using singularity functions, write the equa¬ 
tions for the shear and bending moment for the beam and loading shown. 
(b) Determine the maximum value of the bending moment in the beam. 
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Probfem 5.110 


24 kN 24 kN 

21 kN I I 124 kN I 


5.110 and 5.111 (a) Using singularity functions, write the equations for the shear 
and bending moment for the beam and loading shown, (b) Determine the maximum 
normal stress due to bending. 
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Problem 5.111 



50 kN 


5.110 and 5.111 ( a ) Using singularity functions, write the equations for the shear 
and bending moment for the beam and loading shown. ( b) Determine the maximum 
normal stress due to bending. 
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Problem 5.112 


5.112 and 5.113 ( a ) Using singularity functions, find the magnitude and location of 
the maximum bending moment for the beam and loading shown, (i) Determine the 
maximum normal stress due to bending. 
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Problem 5.113 



5.112 and 5.113 (a) Using singularity functions, find the magnitude and location of 
the maximum bending moment for the beam and loading shown, (b) Determine the 
maximum normal stress due to bending. 
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Problem 5.114 
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5.114 and 5.115 A beam is being designed to be supported and loaded as shown, (a) 
Using singularity functions, find the magnitude and location of the maximum 
bending moment in the beam. ( b ) Knowing that the allowable normal stress for the 
steel to be used is 165 MPa, find the most economical wide-flangc shape that can 
be used. 
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5.114 and 5.115 A beam is being designed to be supported and loaded 
as shown, (a) Using singularity functions, find the magnitude and location of 
the maximum bending moment in the beam, (b) Knowing that the allowable 
normal stress for the steel to be used is 165 MPa, find the most economical 
wide-flange shape that can be used. 
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Problem 5.116 


5.116 and 5.117 A timber beam is being designed to be supported and loaded as 
shown, (a) Using singularity functions, find the magnitude and location of the 
maximum bending moment in the beam. (A) Knowing that the available stock consists 
of beams with an allowable stress of 12 MPa and a rectangular cross section of 30- 
mm width and depth h varying front 80 mm to 160 mm in 10-mm increments, 
determine the most economical cross section that can be used. 



30 mm 

—1 I'¬ 
ll T 4go NAw - o.*/8 kwA, 

£ 1 { 0 2M t -- or 

# m ~ -4 Pa + &)($)(1.5)(0.<18) + 0.2£)(2S)(GM'> - O 


R. r o. kM t 


W " = O.ZX x - O.ZZ <x- t.sy 

V = O.^S - O. IG O.I6<y-;.5> t IfW 

Locate poiiof B w'keiAe V = O „ Assume \.£ tn < X 0 c 4 v»,. 

0 - O. 61S - O. 15 X* + ait(x a - i.s)* 

- o.c4s- - o. 16 y 0 l 4 a 16 y 6 l - o.^gx© f 0 . 3 6 

X D - 7. O^ZIS to —* 

M - O. 6^x - 0.05333 x 3 + 0.OS333 <x~ l.s)> VU-*n 
<W Ai foiJ D. (0.5¥«r)feott7rV(A 05233 )^. o^lsf ^(0.o5333Xo-^ c '37sf 


- D.S 72(1 IftJ-to 


S ■ ~ 


0.27711 «lo 

\Z x/O 6 


~ 7^. 67^2 x/© ^ 5 7 7.€»7S*tO i«»i 


Ft» r ft r‘ec4am»|^««v‘ cr'oss S ed'iovt 
h - y T<r)(7g.g758 vfQ3) 


S - 


170 . S(* Ki»*1 




(.Fl At rfeyt /O-Mm » 


V> ~ \ 7.0 


Proprietary Materia}. © 2009 The McGraw-Hill Companies, Inc. All rights reserved. No part ofthis Manual may be displayed, reproduced, or 
distributed in any form or by any means, without the prior written permission of the publisher, or used beyond the limited distribution to teachers 
and educators permitted by McGraw-Hill for their individual course preparation. A student using this manual is using it without permission. 


www.elsolucionario.net 




Problem 5.117 


5.1 16 and 5.117 A timber beam is being designed to be supported and loaded as 
shown, (a) Using singularity functions, find the magnitude and location of the 
maximum bending moment in the beam, (b) Knowing that the available stock consists 
of beams with an allowable stress of 12 MPa and a rectangular cross section of 30- 
mm width and depth h varying from 80 mm to 160 mm in 10-mm increments, 
determine the most economical cross section that can be used. 
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Problem 5.118 


5.118 through 5.121 Using a computer and step ftmctions, calculate the shear and 
bending moment for the beam and loading shown. Use the specified increment A L, 
starting at point A and ending at the right-hand support. 
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Problem 5.119 


AL = 0.25 m 



5.118 through 5.121 Using a computer and step functions, calculate the shear aid 
bending moment for the beam and loading shown. Use the specified increment AL, 
starting at point A and ending at the right-hand support. 
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Problem 5.120 


5.118 through 5.121 Using a computer and step functions, calculate the 
shear and bending moment for the beam and loading shown. Use the specified 
increment A/,, starting at point A and ending at the right-hand support. 
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Problem 5.121 s.nsthrough 5.121 Using a computer and step functions, calculate the 

shear and bending moment for the beam and loading shown. Use the specified 
Increment A L, starting at point A and ending at the right-hand support. 

- hl'H'iL 

V * 67^’ +- f-fsy t ~ 

M - + U-c(o6- l lJ-y + ujr) 1, - -(*$}' 


X 

V 

M 

hr> 

hN 

^Kf to. 

O 

0 

O 

0 * la. 


-hz 


' 27 

- /£• 77 

t- l 

“ 73- 

~~ If 2-01+ 

2-1 

73> 




Proprietary Material. © 2009 The McGraw-HUI Companies, Inc. Ai! rights reserved. No part of this Manual may be displayed, reproduced, or 
distributed in any form or by any means, without the prior written permission of the publisher, or used beyond the limited distribution to teachers 
and educators permitted by McGraw-Hiil for their individual course preparation. A student using this manual is using it without permission. 


www.elsolucionario.net 




Problem 5.122 



5.122 and 5.123 For the beam and loading shown, and using a computer and step 
functions, (a) tabulate the shear, bending moment, and maximum normal stress in 
sections of the beam from x ~ 0 to x ~ L, using the increments A/, indicated, ( b ) 
using smaller increments if necessary, determine with a 2 percent accuracy the 
maximum normal stress in the beam. Place the origin of the x axis at end A of the 
beam. 
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Problem 5.123 


5.122 and 5.123 For the beam and loading shown, and using a computer and step 
functions, (a) tabulate the shear, bending moment, and maximum normal stress in 
sections of the beam from x = 0 to x = L, using the increments AZ, indicated, (6) 
using smaller increments if necessary, determine with a 2 percent accuracy the 
maximum normal stress in the beam. Place the origin of the x axis at end A of the 
beam. 
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Problem 5.124 


30 kN/'m 


18 kN/ni 



5.124 and 5.125 For the beam and loading shown, and using a com¬ 
puter atid step functions, (a) tabulate the shear, bending moment, and maximum 
normal stress in sections of the beam from x — 0 to x — using the incre¬ 
ments M, indicated, (ft) using smaller increments if necessary, determine with 
a 2 percent accuracy the maximum normal stress in the beam. Place the origin 
of the x axis at end A of the beam. 
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Problem 5.125 


70 kN/iii 


50 kNVtn 


5.124 and 5.125 i-br the beam and loading shown, and using a com¬ 
puter and step functions, (a) tabulate the shear, bending moment, and maximum 
normal stress in sections of the beam from x - 0 to x ~ L, using the incre¬ 
ments 5L indicated, ( b ) using smaller increments if necessary, determine with 
a 2 percent accuracy the maximum normal stress in the beam. Place the origin 
of the x axis at end ,4 of the beam. 
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Problem 5.126 



5.126 and 5.127 The beam AB, consisting of a east-iron plate of 
uniform thickness b and length L, is to support the load shown, (a) Knowing that 
the beam is to be of constant strength, express h in terms of x, L, arid h 0 . {!>) De¬ 
termine the maximum allowable load if L — 0.9 m, h 0 = 300 mtn, b — 30 nun, 
and — 165 MPa. 
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5.126 and 5.127 The beam AB, consisting of a cast-iron plate of 
uniform thickness h and length L, is to support the load shown, (a) Knowing that 
the beam is to be of constant strength, express h in terms of x, L, and h a . (b) De¬ 
termine the maximum allowable load if L ■ 0.9 m, h 0 = 300 ram, b ; = 30 mm, 
and <r a!1 = 165 MPa. 
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Problem 5.128 



5.128 and 5.129 The beam AB, consisting of an aluminum plate of uniform 
thickness b and length L, is to support the load shown, (a) Knowing that the beam is 
to be of constant strength, express h in terms of.v, /,, and ho for portion AC of the 
beam, (6) Determine the maximum allowable load if L~ 800 mm, ha = 200 mm, b = 
25 mm, and ovu = 72 MPa. 
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Problem 5.129 
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5.128 and 5.129 The beam AH, consisting of an aluminum plate of uniform 
thickness b and length L, is to support the load shown, (a) Knowing that the beam is 
to be of constant strength, express h in terms of x, L, and ho for portion AC of the 
beam, (b) Determine tire maximum allowable load if l, ~ 800 mm, ha ~ 200 mm, b = 
25 mm, and n a ti = 72 MPa. 
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Problem 5.130 
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5.130 and 5.131 The beam AB, consisting of a cast-iron plate of uniform thickness b 
mid length L, is to support the distributed load w(x) shown, (a) Knowing that the 
beam is to be of constant strength, express h in terms of x, L, and ho- (b) Determine 
the smallest value of h 0 if L — 750 mm, b = 30 mm, wo ~ 300 kN/m, and <r,n = 200 
MPa. 
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Problem 5.131 



5.130 and 5.131 The beam AH, consisting of a cast-iron plate of uni form thickness b 
and length L, is to support the distributed load w(x) shown, (a) Knowing that the 
beam is to be of constant strength, express h in terms of x. L, and h 0 . (6) Determine 
the smallest value of ho if L = 750 mm, b — 30 mm, tv 0 = 300 kN/m, and - 200 
MPa. 
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Problem 5.132 
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5.132 and 5,133 A preliminary design on the use of a cantilever pris¬ 
matic timber beam indicated that a beam with a rectangular cross section 
50 mm wide and 250 mm deep would be- required to safely support the load 
shown in part a of the figure. It was then decided to replace that beam with a 
built-up beam obtained by gluing together, as shown in part h of the figure, 
five pieces of the same timber as the original beam and of 50 X 250 mm cross 
section. Determine the respective lengths /, and l 2 of the two inner and outer 
pieces of timber that will yield the factor of safety as the original design. 
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Problem 5.133 
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S.132 and 5.133 A preliminary design on the rise of a cantilever pris¬ 
matic timber beam indicated that a beam with a rectangular cross section 
50 mill wide and 250 mm deep would be required to safely support the load 
Shown in part a of the figure. It was then decided to replace that beam with a 
built-up beam obtained by gluing together, as shown in part b of the figure, 
five pieces of the same timber as the original beam and of 50 X 250 mm cross 
section. Determine the respective lengths and U of the two inner and outer 
pieces of timber that will yield the factor of safety as the original design. 
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Problem 5.134 
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5.134 and 5.135 A preliminary design on the use of a simply supported prismatic 
timber beam indicated that a beam with a rectangular cross section 50 mm wide and 
200 mm deep would be required to safely support the load shown in part a of the 
figure. It was then decided to replace that beam with a built-up beam obtained by 
gluing together, as shown in part b of the figure, four pieces of the same timber as the 
original beam and of 50 x 50-mm cross section. Determine the length / of the two 
outer pieces of timber that will yield the same factor of safety as the original design. 
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Problem 5.135 
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5.134 and 5.135 A preliminary design on the use of a simply supported prismatic 
timber beam indicated that a beam with a rectangular cross section 50 mm wide and 
200 mm deep would be required to safely support the load shown in part a of the 
figure. It was then decided to replace that beam with a built-up beam obtained by 
gluing together, as shown in part h of the figure, four pieces of the same timber as the 
original beam and of 50 x 50-mm cross section. Determine the length / of the two 
outer pieces of timber that will yield the same factor of safety as the original design. 
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Problem 5.136 
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S.136 and 5.137 A machine element of cast aluminum and in the shape of a solid of 
revolution of variable diameter d is being designed to support the load shown. 
Knowing that the machine element is to be of constant strength, express d in terms of 
x, L, and do. 
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Problem 5.137 
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5.136 and 5.137 A machine element of cast aluminum and in the shape of a solid of 
revolution of variable diameter d is being designed to support the load shown. 
Knowing that the machine element is to be of constant strength, express d in terms of 
X, /,, and do. 
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Problem 5.138 



5.138 A cantilever beam AB consisting of a steel plate of uniform depth h and 
variable width b is to support the concentrated toad P at point A . (a) Knowing that the 
beam is to be of constant strength, express b in terms of x, L, and bo. ( b ) Determine 
the smallest allowable value oi h it /. ~ 300 mm, bo ~ 375 mm, P = 14.4 kN, and 
= 160 MPa. 
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Problem 5.139 
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5.139 A transverse force P is applied as shown at end A of the conical taper AS. 
Denoting by d 0 the diameter of the taper at the A, show that the maximum normal 
stress occurs at point //, which is contained in a transverse section of diameter d~ 1.5 
do- 
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Problem 5.140 
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5.140 Assuming that the length and width of the cover plates used with the beam 
of Sample Prob. 5.12 are, respectively, /=4 m and b = 285 mm, and recalling that the 
thickness of each plate is 16 mm, detenmine the maximum normal stress on a 
transverse section (a) through the center of the beam, (6) just to the left of D. 
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5.141 Two cover plates, each 12 mm thick, are welded to a W690 
X 125 beam as shown. Knowing that I —■ 3 in and b - 260 mm, determine! 
the maximum normal stress on a transverse section (a) through the center of 
the beam, (b) just to the left of D. 
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Problem 5.142 5.142 Two cover plates, each 12 mm thick, are welded to a W690 

X 125 beam its shown. Knowing that (t sH — 165 MPa for both the beam and 



M ju * SUi S - / 


Sei Mj, ~ M.lt 

(*\ 


*>S0 X D - X 0 - /« 6 firs. 

I - £ - 2X* ** 2' ^ m • 


A4 eerier o-f te«tw\ M - {?•£&)£$) - /6-T5 kkjfa 

- J± ~ s ^$£4. tfO % m £ (S-s^Xf/w * 4 

6Uf /6TX/ o * 

C - 3-C7 Km. 

.v,o.M2,''f ot it,e.f.\ X r Sc. r /v\.m 

B»+ I . I„._, 4 X I flA 

Z*-Z2’&kIo x Ot^oYio 6 } + ifaz)Cb) ((,+ &?f~+ f^Cb)(rzf} 

— ii*f OX fo r ~f~ “2,* $ S 7 ( b) 

&) b« 


■ea* 


Proprietary Material. © 2009 The McGraw-Hill Companies, Inc. All rights reserved. No part of this Manual may be displayed, reproduced, or 
distributed in any form or by any means, without the prior written permission of the publisher, or used beyond the limited distribution to teachers 
and educators permitted by McGraw-Hill for their individual course preparation. A student using this manual is using it without permission. 


www.elsolucionario.net 







Problem 5.143 


5.143 Knowing that = 150 MPa, determine the largest concentrated load P that 
can be applied at end E of the beam shown. 
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Problem 5.144 

40 kN/m 


5.144 Two cover plates, each 7.5 ram thick, are welded to a W460 x 74 beam as 
shown. Knowing that / = 5 m and b ~ 200 mm, determine the maximum normal stress 
on a transverse section (a) through the center of the beam, ( b ) just to the left of D. 


7.5 mm 


|*_ }j 7.5 in 
Bsmaaa&sasa - X 



R a * l? 6 * 160 w f 



|o kwM 

' ri < 

*1 

m 

.11 

L 1 

jU- 

X 




\A 


ICO 


= or 

- |6o x 4 + M ~ O 

M = 160 X - Xox 1 KU-w, 


A+ ce^'ftic 4e«.i« X - 4iv-> 

A+ T> x -- i (8-i) * US* 


1% /95 kv-fr 


A4 c«vs4eic oT 


I ~ X fce.^ + ^XpA-tr 

=r 333 x / o 6 + 2. { (*«> K 7.S )( yf- 7 + |f) 1 ♦ tK?ooX 7- i 


- g * /0 & mm’ 


c “ a 


Co} 


Nov'»n*i s-fcess 


*&-*7.S - 236 m* S- j? * Wx/o 3 ^ 

M 


(5“= - J & ?*' 0 ! . r |52.CvjO fc fk 

S JO' 4 - 


- 209?« lo'*- 


<5* = 15*2.6 MP<*. 


M D 5= 1460 - me,o»lo' c 


IfcA 


Ncr^Jf 6-= # * “ 133.6 


|46ox/o 


5"= 133.4 MPa- -A 


Proprietary Material. © 2009 The McGraw-Hill Companies, Inc. All rights reserved. No part of this Manual may be displayed, reproduced, or 
distributed in any form or by any means, without the prior written permission of the publisher, or used beyond the limited distribution to teachers 
and educators permitted by McGraw-Hill for their individual course preparation. A student using this manual is using it without permission. 


www.elsolucionario.net 




Problem 5.145 


40 kN/m 


5.145 Two cover plates, each 7.5 mm thick, are welded to a W460 x 74 beam as 
shown. Knowing that a a = 150 MPa for both the beam and the plates, determine the 
required value of (a) the length of the plates, (b) the width of the plates 
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Problem 5.147 


$50 kN/m 


LI.LLLLLiLLl ie ” >,n h " fc ”i 


5.147 1 \vo cover plates, each 16. min thick, are welded to a W760 
X 147 beam as shown. Knowing that tr, tl ---■ 1.50 MPa for both the beam and 
the plates, determine the required value of (a) the length of the plates, ( b ) the 
Width of the plates. 
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Problem 5.148 
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5.148 For the tapered beam shown, determine (a) the transverse section 
in which tire maximum normal stress occurs, (b) the largest: concentrated load 
1* that can be applied, knowing that <r, l( — 165 MPa. 
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Problem 5.149 


5.149 For the tapered beam shown, determine (a) the transverse section in which the 
maximum normal stress occurs, (b) the largest distributed load w that can be applied, 
knowing that <T ali = 140 MPa. 
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Problem 5.151 
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5.151 Draw the shear and bending-moment diagrams for the beam and loading 
shown, and determine the maximum absolute value (a) of the shear, ( b ) of the 
bending moment. 
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Problem 5.152 


5.152 Determine (a) the magnitude of the upward force P for which the maximum 
absolute value of the bending moment in the beam is as small as possible, (6) the 
corresponding maximum normal stress due to bending. (Hint: SeehintofProb. 5.27.) 
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Problem 5.153 


5.153 Draw the shear and bending-moment diagrams for the beam and loading 
shown, and determine the maximum absolute value (a) of the shear, ( b ) of (he 
bending moment. 
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Problem 5.154 


5.154 Draw the shear and bending-moment diagrams for the 
beam and loading shown and determine the maximum normal .stress due 
to betiding. 
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Problem 5.156 


JO kN/m 



VA (VV)-vn) 


31.7S 


5.156 and 5.157 For the beam and loading shown, design the cross section of the 
beam, knowing that the grade of timber used has an allowable normal stress of 12 
MPa. 
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Problem 5.157 


5.156 and 5.157 For the beam and loading shown, design the cross section of the 
beam, knowing that the grade of timber used has an allowable normal stress of 12 
MPa. 
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Problem 5.158 


5.158 Knowing that the allowable stress for the steel used is J OS 
MPa, select the most economical witle-llange beam to Support the loading shown. 
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Problem 5.159 


5.159 Determine the largest permissible value of P for the beam and loading shown, 
knowing that the allowable normal stress is +80 MPa in tension and -140 MPa in 
compression. 
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Te«flio«i “ (2^.376 x io*M(So*ft> e } - -ZSS*(o % 
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— o.is P - - \.<77SS*io 3 
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P* 7.32 kbJ 
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Problem 5.160 


«0 icN 

H1> kK 1 1 j SO !,\ 


Bf C? ID 


5.160 («) Using singularity functions, write the equa¬ 

tions for the shear and bending moment for the beam and loading shown 
(b) Determine the maximum value of the bending moment in the beam. 


+ ?M k - O 4(* )0)4 ( 2 - 4)014 = o 

A - !(>o AV- 


0.6 m 0.6 m 0.6 m 


-j.S m —j 


(a) V = l&O - fro <(x~0£v» b ~ - SO<x-AS>" AAS 

M ~ /A) X - ~ >' - ao^V-Z'SV /cA/M, 

Verges, of V 

A f 8 \/ , t&o Ln 

B A- C JU./ 

C "H* ’C) V “ /— <£o ~ $ o “ 

D1t> £T V “ f (h> — <Po - — ,p(j> •=? ~~Qo A- A/ 

rrti>iv\e^f' /s c<stAs'f«**t ahJ C "fo "D. 

(Wi Af C X 5 /'2 m M i (/&<*)(/•2)~ o “ O - Wty tMln 
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Problem 5.161 


W ™ U?Q sill £ 


5.161 The beam AH, consisting of an aluminum plate of uniform 
thickness b and length L, is to support the load shown, (a) Knowing that the beam is 
to be of constant strength, express h in terms of x L, and h 0 for portion AC of the 
beam, (b) Determine the maximum allowable load if L ~ 800 mm., h„ = 200 mm, b 
- 2S mm., and a a = 72 MPa. 
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r 

« hi- 

- w - 

,, - try 

~VJ 0 S>-ri -£~ 

l 
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ch^ 
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vJ 0 L jr* 

TT cos L 


M - 

-,v D l? 
IT 2 - 

UL . r 

SlA ~J~ + (_ f 

M * O 


O * 

O +- 6 r C 

M » O 


O - 

-jjr s.^-n + 


o 


lii j# Vr 7 ! * _ L , , H X 

* U L 

For sec^f"ia^ X = fcX ) C. ~ } ■$ ~ gT ~ g~bh 

EtjO Fite -/'«/'» e>S6^«^.SS ('e<AS FaC S "g - bh — -S t«u 

A t k: h ~ h i bk* 5 ~~nr~ 
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(ex’! Di'A £<f. 2 


i t>K 


. 1TX 

- S,>A nr 


TI^ 




<;, 7TV V 4 
Sm -r— ) 


ft.) Spying £,. CO 4U < < r 

D^t S^“ 7Z*tO c f\ J L~ %oo *, , h>- 2^0 wn*, - 0.2 oo w> ( 
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Problem 5.162 



5.162 A cantilever beam AB consisting of a steel plate of uniform depth 
h and variable width b is to support the distributed load w along its center line 
AB. (a) Knowing that the beam is to be of constant strength, express h 
in terms of.v, L, and b n . (b) Determine the maximum allowable value of W if 
/. 0.4 in, b 0 — 200 mm. h ~ 20 min, and <r M .165 MPa. 


L - x 


-M - wCL-x') z 
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w(L-v') 2 
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(Sm 

\~otP ciagss sec.Aton 

& 26 l» 

l ~ 3 wL 1 


S = 




V)~ 3 W ft.-op* 

b= b.(l-f) 1 
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\/1 sn< 


ro<* 


W 


W r 
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PROBLEM 5.C1 


-*n--- 


-.. *S- 


*i-» 

—H 



p. 


!. P V. 


1 . 1 

’fr-*'*- L 

>■& 


5.Cl Several concern rated loads Pj (i - 1,2_,«) can he applied to a 

beam as shown. Write a computer program that can he used to calculate the 
shear, bending moment, and normal stress at any point of the beam for a given 
loading of the beam and a given value of its section modulus. Use this pro¬ 
gram to solve Probs. 5.18, 5.21, and 5.25. (Hint: Maximum values will occur 
at a support or under a loadi) 


I aTlST-^-SOLUTION 

L 1 , X REACTIONS AT A AND B 

~ fi ' ' v ' * ,n,l,mrrn —" * ' - ™ ' ' "" 

p. P)Z~n=o: Rg L - Z. P. (z- - a.) 

T' i -- OA)i n t* L -a) 

7, ’ L ~ “T P; ~ *• 

^/t V££ STEP FUNCTiOilS (See bottom of paje 398 of text) 
W(z T>c (p x > #. 57 PA =7 STPf\~d 

irZ->a'tLTH£rti$rP8~ } ^tSE 5TP&-6 
IF?c > XL^ T ficN jtp(l)~l FLS fz STP( iJ_ -J) 

V - R n STPpi + T? ST PB -TPf SIP (I) 

H O e L 

K^x-ajSlpp + Rp (x-a-L)STpB - % F i (x-~x c )STP(X) 

CF = M/ 5 j, v^ere 5 1 fs Obtained from Append t’Y C, 

PRO&RAfM OUT PUT 5. 


Problem 5.18 


Problem 5.21 


RA~ 

80.0 kN RB= 

=80.0 kN 


ri = JUo Lik/ 

R2 = To £-A./ . 



X V 

m kN 

M 

kN.tn 
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X 

Y 

M 

SR/»v* 




N\ 

IN 

iW m 

M 

2 

.00 0.00 
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139.0 <4H 

O 

- /o-b 

O 

O 

Problem S.25 
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IN 
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O 
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o 
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PROBLEM 5.C2 



0: % b L-P, (x j -a) -P z (\- a) 

- (X H -Xs) (KiLtZs -a.) = 0 

\ A rJ B K b =± [P/x^+V^-^i^-x^Xy-z^ 

F~~ — VJ?-K _ $TtP FUN C /1 ONT ($ee pot tom of 3 18 of text) 

SF7 on - (a-t t> + k)/Al 

FOP i — 0 TO oo, ; x. " (A 0 

V 4 /£T DEF/Nt : IF X > a TPjpn CTPfr -I FL 5 Z 5 TTF )~0 
lF X F a, pL, IHFN STF B-l FiSt, £TB - O 
(F X > x f t He// stP i - / else Sin ~o 

,F x - X, TP Ft/ ST P 2 _ -— / ELSE S?TPZ ~ 0 

F * -*- 3 ThfF ST PS -{ ELSE $TPS> -o 

IF X ■> 7 HGFI F TVi~j -1 gtee STVH-0 

V“fyS TPF tp £ STPB — P 5 TP 1 - F $TT 2 

-40 U ~x 3 ) FTPS f OAF(z-x^STPS 

Af- K a (x- 4)£TPft +p> B (z-a-L) STp_B - p f (z-'z ! )5TP? 

- % (x-*dSTP 2 ~j«r(Z~Xj) 2 s T P 3 xUo(x~x^ 5 l?H 

I f UiUFOWN Vi MtAlSfiAl is h s _ 

From Sx±th x , H/e fnXe A - \)GS/t 

IF UNKh/OiON V\N£(]/$) ON IF t * 

From $-J~ thF h#</e t~6S/h z 

£ > (CONTINUED) 


nmwu, 

W////■///. TTFFSwTTMFFa 

Ff W~ I 


FOP t ~ 0 ro 

Vt/£ DEF/NF 


5.C2 A timber beam is to be designed to support a distributed load and 
up to two concentrated loads as shown. One of the dimensions of its uniform 
rectangular cross section has been specified and the other is to be determined 
so that the maximum normal stress in the beam will not exceed a given al¬ 
lowable value cr. lH . Write a computer program that can be used to calculate at 
given intervals &L the shear, the bending moment, and the smallest acceptable 
value of the unknown dimension. Apply this program to solve the following 

problems, using the intervals A L indicated: (a) Prob. 5.65 (AZ, - 0.1 m), (b) Prob. 
5.69 (A l = 0.3 m), (c) Prob. 5.70 (A L = 0.2 m). 

SOLUTION 

'FFCTIOFS FT P PM? B 
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PROBLEM 5.C2 CONTINUED 


PROefitiM 00TPVT5 


Problem 5.65 Problem 5.69 


RA = 

2.40 kN 

RB = 

3.00 kN 

RA = 

6.50 kN 

RB = 

6.50 kN 

X 

V 

M 

H 

X 

V 

M 

H 

m 

kN 

kN . m 

mm 

m 

kN 

kN . m 

mm 

0.00 

2.40 

0.000 

0.00 

0.00 

2.50 

0.000 

0.00 

0.10 

2.40 

0.240 

54.77 

0.30 

2.50 

0.750 

61.24 

0.20 

2.40 

0.480 

77.46 

0.60 

9.00 

1.500 

86.60 

0.30 

2.40 

0.720 

94.87 

0.90 

7.20 

3.930 

140.18 

0.40 

2.40 

0.960 

109.54 

1.20 

5.40 

5.820 

170.59 

0.50 

2.40 

1.200 

122.47 

1.50 

3.60 

7.170 

189.34 

0.60 

2.40 

1.440 

134.16 

1.80 

1.80 

7.980 

199.75 

0.70 

2.40 

1.680 

144.91 

2.10 

- 0.00 

8.250 

203.10 ^ 

0.80 

0.60 

1 . 920 

154.92 

2.40 

- 1.80 

7.980 

199.75 

0.90 

0.60 

1.980 

157.32 

2.70 

- 3.60 

7.170 

189.34 

1.00 

0.60 

2.040 

159.69 

3.00 

- 5.40 

5.820 

170.59 

1.10 

0.60 

2.100 

162.02 

3.30 

- 7.20 

3.930 

140.18 

1.20 

0.60 

2.160 

164.32 

3.60 

- 2.50 

1.500 

86.60 

1.30 

0.60 

2.220 

166.58 

3.90 

- 2.50 

0.750 

61.24 

1.40 

0.60 

2.280 

168.82 

4.20 

0.00 

0.000 

0.06 

1.50 

0.60 

2.340 

171.03 





1.60 

- 3.00 

2.400 

173.21 





1.70 

- 3.00 

2.100 

162.02 





1.80 

- 3.00 

1.800 

150.00 





1.90 

- 3.00 

1.500 

136.93 

Problem 

5.70 



2.00 

- 3.00 

1.200 

122.47 





2.10 

- 3.00 

0.900 

106.07 

RA = 

2.70 kN 

RB = 

8.10 kN 

2.20 

- 3.00 

0.600 

86.60 

X 

V 

M 

T 

2.30 

- 3.00 

0.300 

61.24 

m 

kN 

kN.m 

mm 

2.40 

0.00 

0.000 

0.05 









0.00 

2.70 

0.000 

0.00 





0.20 

2.10 

0.480 

10.67 





0.4 0 

1.50 

0.840 

18.67 





0.60 

0.90 

1.080 

24.00 





0.80 

0.30 

1.200 

26.67 





1.00 

- 0.30 

1.200 

26.67 





1.20 

- 0.90 

1.080 

24.00 





1.40 

- 1.50 

0.840 

18.67 





1.60 

- 2.10 

0.480 

10.67 





1.80 

- 2.70 

0.000 

0.00 





2.00 

- 3.30 - 

0.600 

13.33 





2.20 

- 3.90 - 

1.320 

29.33 





2.40 

3.60 - 

2.160 

48.00 <Oj 





2.60 

3.00 - 

1.500 

33.33 





2.80 

2.40 - 

0.960 

21.33 





3.00 

1.80 - 

0.540 

12.00 





3.20 

1.20 - 

0.240 

5.33 





3.40 

0.60 - 

0.060 

1.33 





3.60 

0.00 - 

0.000 

0.00 
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PROBLEM 5.C3 


w 



5.C3 Two cover plates, each of thickness 1, are to be welded to a wide- 
flange beam of length L, which is to support a uniformly distributed load w. 
Denoting by ir^ the allowable normal stress in the beam and in the plates, by 
d the depth of the beam, and by I b attd S b , respectively, tire moment of inertia 
and the section modulus of the cross section of tiie unreinforced beam about a 
horizontal centroidal axis, write a computer program that can be used to cal¬ 
culate the required value of («) the length a of the plates, (b) the width b of 
the plates, Use this program to solve Prob. 5.145. 

SOLUTION 


( 0 }Rati nired Length Plates 

1 MY*' 

Ffi = A 7 ); d>X /Hp - o ; Mj+tez ( f ) 
D 


\4tfX 



f \ Wf ^ M 


gv D 


j*-£ 
R a ~^4 


But: 7 ^-1 l and 


5 Ok 


JL 4 


L. x. -f- 5 Q~ u /a/5 ) 




<x l( 

O 


o 


-- -Lx -f k ~ u _ 

S 0 /v'/oj fhe quadratic ,< x — A ~ 1 /L z - i+k 

Compote x o~v\d ^ / 


K z - o 

Ft 

X>ifide by 1 aAG ; 

Set k ~ d 5 Cvt ih 
x — w ~-. 


2X 


(h) Req uire / WiclUt ef Fla te 

* 0 df beam ’- 


At midpcmi 

tO” r u-—»f 
z T ** 



B V- 


RB-AC:f^)XM c -o: Mx fSl d- 
CortipXe. — J- 

Compute . c - t+ CeL 

From <r n =iLc tUyvt-e 


-o: M c i 

'VO’C 


I 


W L 
2 t 


,5 c 


•6 


I(dit) But I 
Solmj kr b r b ~ 


^ bea / 'f>!atc$~~ 

(r~ r L ) 

Tff r iT^7t)Y 


Q// 

2[±bt' 3 +bt(d±tf 


£EMM OUTPUTS 

PROB, Si 1^5 > \k0r6.0xlFj Cy-ISDH Hl 

•Ufs 40 kH/m, L- 8^ t-^5fjw 

d r 457 mm J l b - 333 x/Ojwi ^5^/760* fQmi 


m>j. 5, If}! WtAoiiw G/i-t&Mk 

S~^3TJr^/o^ h\f/ 


Problem 5,145 


Problem 5.143 


a = 4.49 m 
b = 211 mm 


a = 

b ~ 4z 


www.elsolucionario.net 





PROBLEM 5.C4 

100 kN I 1,8 m 1100 kN 


X 1 . 

-*.3 


— 6 m- 


0) aI 




L -*f», 


(in p s ? . p < = p 


(/ 8 ) 


(2C) 


C 



/> 1- Lft 
T v- X- 


P H 

w 


^2~H 

— je 


^=p 


3£- 

c " v 


5.C4 Two 100 kN loads are maintained 1.8 in apart as they are moved 
slowly across the 6*m beam AB. Write a computer program and use it to cal¬ 
culate the bending moment under each load and at the midpoint C of the beam 
for values of x from 0 to 7 m at intervals Ax c ~ 0.45 m, 

SOI 1JTION 

HOPPilOH - Lengii i ot beam — L - Dbm 
Lqad$ ; V~p>,~f > -~ !<yx> Lfj 

Distance. b.eb\,{/een /toads zz cL~ L&tn 

f/Ve bote that &<L/Z 

ci) FROM ic. = o. TO X - d ' 

t?IM B ror r(L~x)~7f fl L'=°. 

6 k a = P(t- 0 /L 

Un«tcr T,- 

kt C: M c = K h (L)-r(^-x) 

(Sl) f Rom be =■ d to ?c~ L. .: 

+} SJA^o: Pkaxh P(i-x+d)-/? A i=o ■ 

Pa- T(2L-Z x+d)/L 
Under P t ; A \-^X~Pd 
Undtr J>\ M z - lf A (X- d) 
dti) f(?0M x - Ct TO x - L/l 

r(£-x)-ptf- x *d) 

~ k a(T) -T(L-ZXtcL) 

(ZB) FK0M x tL/Z TO X -Lfz + d ; 

Af c - (Uz)-P(! -xid) 

(ZC) FROM X-L/zjd TO Z = l: 

Wz 

(i) FROM x-l to x=L+d: 

+5 E 0; T (ax-td)-0 

V pa-x-tco/L 

Under P z ; p\ - (z-d) 

Ate: t* c -n n (L/z) 


(CONTINUED) 
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PROBLEM S.C4 CONTINUED 

Program ou-ttvt 


p = 

100 kN, L 1= 

5.4 m, D - 1.8 m 


X 

MC 

Ml 

m 

m 

kNm 

kNm 

kNm 

0 

6 

0 

0 

0 * 


5¥*7JT 

0 

/'$ 

/of* 7 

ns-k 

d 

*'7 


JO o3 >< ‘ 0f~ 

lyS'l? 

3 » (o 

>o 3 * V" 

JO o % • 




tys'b 

3-o %* if 


w*7 

0 
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PROBLEM 5.C5 



5.C5 Write a computer program that can be used to plot the shear and 
bending-moment diagrams for the beam and loading shown. Apply this pro¬ 
gram with a plotting interval A L — 0.9 m to the beam and loading of (a) Prob. 
5.72, (h) Prob. 5.115. 


SOLUTION 



'B 


'REACTIONS hi f\ B 
USiNGr F3 OV QtMf 

R B L Pb> - A^a((X/z) ~ 0 

R b = (l/L)(Pb + 


- Pi^ra-R 3 


V A/g. -5TEP y OfiCnoNS . ($e e boitdm of page 3''IB oi If xf). 
StT n, r L/A L , roff c’-OTO'ri : x - (A L) L 

WE VEF/ne : IF X > 0. Them 5TPA-i ELSE stP^-O 

fFx>b THEti 5TPB-/ 5TR3—0'- 

V =r R A -4JX + 4At(z-a) 5TP* - Pstpb 

A'l r ~ 3aatx£ +i^ir (Z-aTSTFP - F(z~h)STPB 

tocmrt AN D Print (X J V) BRV (x y M) 

SEP HEX! PRGE 5 rcTR f^OGRAM OUTPUTS 


(CONTINUED) 
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Chapter 6 
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20 mm '< 
80 mm ) 


Problem 6.1 




aiiniA , 


u -> 


.120 



2 

£(> f*T/n 


6.1 A square box beam is made of two 20 x 80-mm planks and two 20 x 120-mm 
planks nailed together as shown. Knowing that the spacing between the nails is s = 50 
mm and that the allowable shearing force in each nail is 300 N, determine (a) the 
largest allowable vertical shear in the beam, (h) the corresponding maximum 
shearing stress in the beam. 


~ n ( , 2e>')(l2o') 3 - (s^Xgo) 3 - \3, %(,&! */O 4 
- 12.2467 *fO C 

(dL) A,- (I20)(zo) - X.HOO r**>W1 

~ mm 

G&l A,J, * 170 * 10 r^ivs ~ |?Oy /O Ho 

or 2 ?-Sa 1/ - * /o 3 ^ 


Jg 



1 


\y s 

* / 




! 


Jr 


So*io ’ 3 


4 

V X 

-\ 7 _ «I _ (jXv l0 1, )(l3,266?8/o'‘ <: ) 

120 x fO" 4, 

“ L32££7*/o ? W - /. 38 7 feW 

(Si. - Q t + (^(a©McA 6 to) 

~ l^wo 1 +• 33 * to J - /^x/o 3 ^^' 

- J 57 . x lO' c v ^ 3 

. _ Va _ 0.33667v/O 3 )C/5T3/ 1Q~ & ) 

' -T£ ((3.26^7 70v/ o* 5 ) 

- 380 x/o 3 P<x 380 UPa. 
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Problem 6.2 




BO mm 
2(1 inm - 


■ 
> 1 




6.2 A square box beam is made of two 20 * 80-rnni planks and two 20 x 120-mm 
planks nailed together as shown. Knowing that the spacing between the nails is ,s ~ 30 
mm and that the vertical shear in the beam is V - 1200 N, determine (a) the shearing 
force in each nail, (b) the maximum shearing stress in the beam. 

1 ~ ik K k 1 - h kk' 

r I ■S.8^?xlo t 

~ |3. 8647 WO - * - w, Y 



(a.) A, - (IZo)(2°) t z^oo 


—I” 

y, * 

«£>0 L*V, KA 

_ k 

Q. - 

A,y, - 



va 


f “ 

x ‘ 


3 3 


13.8447 « lo~ 6 


.s ? 2 

cr _ _ ( , io.385x|0^)(30x/o- v j 

r r,*:« - ■ 1 2 -- 



Gl- Q., 4. (5t x^ o ^*# o K^ 

= iZovio 3 +■ 3Z.*fO % - 


1 52 * IQ hnnu 


IS* wo" 6 * 


Y _ - Q 2 oo)Os 2 '* IQ~ s ) 

***' “It ’ (l3.«6t?»./o" c X>»' 


sr 32^ x!O a fa 


3^? MV 
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Problem 6.3 
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6.3 Three hoards, each 50 mm thick, are nailed together to form a beam 
that is subjected to a vertical shear. Knowing that the allowable shearing force 
its each nail is 600 N, determine the allowable sheaf if the spacing s between 
the nails is 75 mm. 
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Problem 6.4 


6.4 Three hoards, each 50 mm thick, are nailed together to form a beam 
that is subjected to a vertical shear of 1.2 kN. Knowing that the allowable shear¬ 
ing force in each nail is 400 N, determine the largest longitudinal spacing s of 
the nails that can be used. 
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Problem 6.5 
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6.5 The composite beam shown is fabricated by connecting two 
W150 X 37.1 rolled-steel members, using bolts of 16-mm diameter spaced lon¬ 
gitudinally every 150 mm. Knowing that the average allowable shearing stress 
in the bolts is 73 MPa, determine the largest allowable vertical shear in the 
beam. 
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Problem 6.6 
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6.6 A column is fabricated by connecting the rolled- 
steel members shown by bolts of 18-mm diameter spaced longitudinally every 
125 mm. Determine the average shearing stress in the bolts caused by a shear¬ 
ing force of 120 kN parallel to the y axis. 
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Problem 6.7 



- 16 mm X 200 mm 


6.7 The American Standard rolied-steel beam shown has been reinforced by 
attaching to it two 16 x 200-mm plates, using 18-mm-diameter bolts spaced 
longitudinally every ] 20 mm. Knowing that the average allowable shearing stress in 
the bolts is 90 MPa, determine the largest permissible vertical shearing force. 
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Problem 6.8 

„£EL_^—12 X 201) mm 


S3 HI X 52 


6.8 Solve Prob. 6.7, assuming that the reinforcing plates are only 12 mm thick. 

6.7 The American Standard rolled-steel beam shown has been reinforced by 
attaching to it two 16 x 200-mm plates, using 18-mm-diameter bolts spaced 
longitudinally every 120 nun. Knowing that the average allowable shearing stress in 
the bolts is 90 MPa, determine the largest permissible vertical shearing force. 

GdVJd-e tm c>*o erf fuA,. 


TM~ m 


* d, 12 

c< a ^ a. 

- 158.5 rni 


X - TAJ* 4 


Peri 

A (W) 

d ( WowA 


' I Cfo 4 ^) 

Top pieeftc 

2Ho o 

* if :gS 

60. 43 

D.03 

S 3to x£2 

QQSO 

o 

0 

75.3 

Bof. pJcJre 

Woo 

* 158.S 

&o. 

0. 0% 




\lo.S8 

35. 36 


Z\5.94* io 1 ’ ^ =■ 3/5.5V */o“ C pvA 


Q_ - 4^' - &°o y )Cn')(i£%.s} - 386.^ x/c/m^ 3 - 32o.Hxio~ e w, 3 

A^pi ~ ^ 4<.ft ~ h" (lS 3 ) — 7S*l* 07 x/o c 

Ffcj* “ *£* At./, *• (POx/O^YS^.^xfC?'*) * ^.^x/o 3 W 

as - ^ R/t a r _ ssl~7 »/o s nAv, 

0 0 s UO*fO 

va u? Is - 3 

?• J V &' 3So.H*l°-‘ * 17 *' N 


_ _ \/a 

^ ' X 


V - Pl7 kKS 


Proprietary Material. © 2009 The McGraw-Hill Companies, Inc. All rights reserved. No part of this Manual may be displayed, reproduced, or 
distributed in any form or by any means, without the prior written permission of the publisher, or used beyond the limited distribution to teachers 
and educators permitted by McGraw-Hill for their individual course preparation. A student using this manual is using it without permission. 


www.elsolucionario.net 




Problem 6.9 


6.9 through 6.12 For the beam and loading shown, consider section n-n and 
determine (a) the largest shearing stress in that section, ( b ) the shearing stress at point 
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Problem 6.10 


U,3 m 


6.9 through 6.12 For the beam and loading shown, consider section n-n and 
determine (a) the largest shearing stress in that section, ( b ) the shearing stress at point 
a. 
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Problem 6.11 


H.250 mm ’-j 



6.9 through 6.12 For the beam and loading shown, consider section 
n-n and determine (a) the largest shearing stress in that section, (£>) the shear¬ 
ing stress al point a. 
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Problem 6.12 


6.9 through 6.12 For the beam and loading shown, consider section 
n-n and determine (a) the largest shearing stress in that section, ( b) the shear¬ 
ing stress at point a. 


0.2 m 

h. h 


to i n so icN 

I I 


t: 


100 mm 
I 

i 

i.. 


. 

0.4 m 0.0 in 0.4 m 


J 


v(b/i 


AO 


—“to 


(a) 




A, 




) 

K 


$ 0 Avfvi 

Jt 




^ZZ&TT 

_ 


12 mm 


a | 


-100 mrn— 1 


12 mm 


8y 1!?^ - t?Q 

+t IFj 'o; ^ + « o 

R A ^ R e = +o M 


W'owt lie sKe«*tr V ~ AO bfJ «cf n-n. 

I - 

- -fe ^ (7t>) (7t>) & - 

Q. - A, y, 4 b 3 y t - [lb i^)(4A) + 

r 70 Ht? K^t’ ? 

fV ± [V- S 2# 

VQ _ C4o)(nong Y/<? - ? ) 






-T t ( «T£T -5 / <2 x /0 )[n ■Uo) 


~ %(> M/l 


\ 


t =- 

r - 


AJ - (/o^)ci^)(^u) - 

It- + !% -2-4r rvtin 

V Q. 


It (£m/Cv'«io- n )(i>>0l 4) 




Proprietary Material. <D 2009 The McGraw-Hill Companies, Inc. Ail rights reserved. No part of this Manual maybe displayed, reproduced, or 
distributed in any form or by any means, without the prior written permission of the publisher, or used beyond the iinrited distribution to teachers 
and educators permitted by McGraw-Hill for their individual course preparation. A student using this manual is using it without permission, 


www.elsolucionario.net 







Problem 6.13 


6.13 Two steel plates of 12 x 220-mm rectangular cross section are welded to the 
W250 x 58 beam-as shown. Determine the largest allowable vertical shear if the 
shearing stress in the beam is not to exceed 90 MPa. 
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Problem 6.14 

{-* 220 mm.-H 


YV250 X 58 



8 min 


252 mm 


6.14 Solve Prob. 6.13, assuming that the two steel plates are (a) replaced by 8 x 220- 
mm plates, ( b ) removed. 

6.13 Two steel plates of 12 x 220-mm rectangular cross section are welded to the 
W250 x 58 beam as shown. Determine the largest allowable vertical shear if the 
shearing stress in the beam is not to exceed 90 MPa. 
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Problem 6.15 


6.15 For t he wide flange beam with the loading shown, determine the largest 
load P thiit call be applied, knowing that the maximum normal stress is 165 MPa 
and the largest-shearing stress using the approximation t,„ - VM wcb is 100 MPa. 
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Problem 6.16 
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n f a t i )' 


6.16 For the wide-flange beam with the loading shown, determine the largest load P 
that can be applied, knowing that the maximum normal stress is 160 MPa and the 
largest shearing stress using the approximation r„ ~ V/A m b is 100 MPa, 
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Problem 6.17 


6.17 For the beam and loading shown, determine the minimum required width b, 
knowing that for the grade of timber used, = 12 MPa and t„u = 825 kPa. 
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Problem 6.18 
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6.18 For (lie beam and loading shown, determine the minjmvirn required 
depth h, knowing that for the grade of timber used, <r a) . 12 MPa ami 

t.ji - 0.9 MPa 
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Problem 6.19 
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6.19 A timber beam AB of length L and rectangular cross section carries a single 
concentrated load P at its midpoint C. (a) Show that the ratio t Ja m of the maximum 
values of the shearing and normal stresses in the beam is equal to 2 h/L, where h and 
L are,-respectively, the depth and the length of the beam. ( b ) Determine the depth h 
and the width b of the beam, knowing that L - 2 m, P ~ 40 kN, r m - 960 kPa, and cr m 
= 12 MPa. 
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Problem 6.20 
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6.20 A timber beam AB of length L and rectangular cross section carries a uniformly 
distributed load w and is supported as shown, (a) Show that the ratio rjn m of the 
maximum values of the shearing and normal stresses in the beam is equal to 2 h/L, 
where h and L are, respectively, the depth and the length of the beam, (b) Determine 
the depth h and the width b of the beam, knowing that L ~ 5 m, w ■= 8 kN/m, r m = 
1.08 MPa, and rr m ~ 12 MPa. 
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Problem 6.21 
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6.21 and 6.22 For the beam and loading shown, consider section n-n and determine 
the shearing stress at (a) point a, (b ) point b. 
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Problem 6.22 


6.22 For the beam and loading shown, consider section n-n and detet 
mine the shearing stress at ( a ) point a, ( b) the shearing stress at point b. 
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Problem 6.23 


6.23 and 6.24 For the beam and loading shown, determine the largest shearing stress 
in section n-n. 
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Problem 6.24 


6.24 For the beam and loading shown in Prob. 6.22, determine the largest 
shearing stress in section n-n. 


6,22 For the beam and loading shown, consider section n n and deter¬ 
mine the shearing stress at (a) point a, ( h ) the shearing stress at point !>. 
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Problem 6.25 
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6.25 through 6.28 A beam having the cross section shown is subjected to a vertical 
shear V. Determine (a) the horizontal line along which the shearing stress is 
maximum, (5) the constant k in the following expression for the maximum shearing 
stress 

V 

= k-J 

where A is the cross-sectional area of the beam. 
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Problem 6.26 
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6.25 through 6.28 A beam having the cross section shown is subjected to a vertical 
shear V. Determine (a) the horizontal line along which the shearing stress is 
maximum, (ft) the constant k in the following expression for the maximum shearing 
stress 
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where A is the cross-sectional area of the beam. 
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Problem 6.27 
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6.25 through 6.28 A beam having the cross section shown is subjected to a vertical 
shear V. Determine («) the horizontal line along which the shearing stress is 
maximum, ( b ) the constant k in the following expression for the maximum shearing 
stress 
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r™* = 

where A is the cross-sectional area of the beam. 
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Problem 6.28 



6.2J through 6.28 A beam having the cross section shown is subjected to a vertical 
shear V, Determine (a) the horizontal line along which the shearing stress is 
maximum, (b) the constant k in the following expression for the maximum shearing 
stress 

r = k ^ 

* max A 

where A is the cross-sectional area of the beam. 
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Problem 6.29 
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6.29 This built-up timber beam is subjected to a vertical shear of 5 kN. 
Knowing that the allowable shearing force in the nails is 300 N, determine the 
largest permissible spacing .? of the nails. 
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Problem 6.30 
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6.30 Two 20 x 100-mm and two 20 x 180-mm boards are glued together as shown to 
form a 120 x 200-mm box beam. Knowing that the beam is subjected to a vertical 
shear of 3,5 kN, determine the average shearing stress in the glued joint (a) at A, ( b ) 
at B. 
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Problem 6.31 


6.31 The built-up timber beam is subjected to a 6-kN vertical shear. Knowing that 
the longitudinal spacing of tire nails is .y- 60 mm and that each nail is 90 mm long, 
determine the shearing force in each nail. 
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Problem 6.32 
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6.32 The built-up wooden beam shown is subjected to a vertical shear of 8 kN. 
Knowing that the nails are spaced longitudinally every 60 mm at A and every 25 mm 
at B, determine the shearing force in the nails (a) at A, ( b ) at B. (Given: I x - 1.504 x 
tO 9 mm" 1 .) 
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Problem 6.33 


6.33 The built-up beam was made by gluing together several wooden ptanks. 
Knowing that the beam is subjected to a 5-kN shear, determine the average shearing 
stress in the glued joint (a) at A,(b) at B. 
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Problem 6.34 


112 mtn 


6.34 The composite beam shown is made by welding C200 x 17.1 rolled-steel 
channels to the flanges of a W250 x 80 wide-ftange rolled-steel shape. Knowing that 
the beam is subjected to a vertical shear of 200 kN, determine (a) the horizontal 
shearing force per meter at each weld, (6) the shearing stress at point a of the flange 
of the wide-ftange shape. 
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= 14.79 MPa. 


www.elsolucionario.net 






Problem 6.35 


■*— 40 mm —< 


6.35 Knowing that a given vertical shear V causes a maximum shearing stress of 75 
MPa in the hat-shaped extrusion shown, determine the corresponding shearing stress 
at («) point a, (b) point b. 
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Problem 6.36 


6 imn 

i a 



* r 



6.36 Au extruded aluminum beam has the cross section shown. Knowing that the 
vertical shear in the beam is 40 kN, determine the shearing stress at (a) point a, ( b ) 
point b. 
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Problem 6.37 
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6.37 Aa extruded beam has the cross section shown and a uniform wall 
thickness of 5 mm. Knowing that a given vertical shear V causes a maximum 
shearing stress r — 60 MPa. determine the shearing stress at the four points 
indicated. 
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Problem 6.38 


15 mml 
15 mmt 

15 mini 



: 3Simn 38 mm 


6.38 Solve Prob. 6.37 assuming that the beam is subjected to a hori¬ 
zontal shear V. 

6.37 An extruded beam has the cross section shown and a uniform wall 
thickness of 5 mm. Knowing that a given vertical shear V causes a maximum 
shearing stress -r 60 MPa, determine (lie shearing stress at tire four points 
indicated. 
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Problem 6.39 


6.39 Knowing that a given vertical shear V causes a maximum shearing stress of 75 
MPa an extruded beam having the cross section shown, determine the shearing stress 
at the three points indicated. 
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Problem 6.40 


6.40 Solve Prob. 6.39 assuming that the beam is subjected to a horizontal shear V. 



20 20 
Dimensions in mm 



6 39 Knowing that a given vertical shear V causes a maximum shearing stress of 75 
M Pa an extruded beam having the cross section shown, determine the shearing stress 
at the three points indicated. 
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Problem 6.41 


6.41 The vertical shear is 25 kN in a beam having the cross section shown. Knowing 
that d= 50 mm, determine the shearing stress at ( a ) point a, (b) point b. 
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Problem 6.42 


S mm 



8 mm 



6.42 The vertical shear is 25 kN in a beam having the cross section shown. 
Determine (a) the distance d for which r fl = t>„ (b) the corresponding shearing stress at 
points a and b, 
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Problem 6.43 
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6.43 Three planks are connected as shown by bolts of 1 4-mm diameter spaced every 
150 mm along the longitudinal axis of the beam. For a vertical shear of 10 kN, 
determine the average shearing stress in the bolts. 
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Problem 6.46 



I ~ «2Xp 4 4 
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6.46 Two 20 x 450-mm steel plates are bolted to four L 152 x 152 * 19.0 angles to 
form a beam with the cross section shown. The bolts have a 22-mm diameter and are 
spaced longitudinally every 125 mm. Knowing that the allowable average shearing 
stress in the bolts is 90 MPa, determine the largest permissible vertical shear in the 
beam. (Given: ! x - 1896 * !0 6 mm 4 ). 
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Problem 6.47 



B,4T A plate of 6-mrn thickness is corrugated as shown and then used 
as a beam. For a vertical shear of 5 kN, determine (a) the maximum shearing 
stress in the section, (b) the shearing stress at point B. Also sketch the shear 
flow in the cross section. 
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Problem 6.48 

——60 mm H 


6.48 An extruded beam has the cross section shown and a uniform wall thickness of 
3 mm. For a vertical shear of 10 kN, determine (a) the shearing stress at point A , ( b) 
the maximum shearing stress in the beam. Also sketch the shear flow in the cross 
section. 
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Problem 6.49 
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6.49 Three plafes, each 12 mm thick, are welded together to form the section shown. 
For a vertical shear of 100 kN, determine the shear flow through the welded surfaces 
and sketch the shear flow in the cross section. 
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Problem 6.50 
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6,50 A pliitc of thickness / is bent as shown and then used as a beam. 
For a vertical shear of 2.4 kN, determine («) the thickness t for which the maxi¬ 
mum shearing stress is 2 MPa. (h) the corresponding shearing stress at point 
E. Also sketch the shear flow in the cross section. 
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Problem 6.52 

I "*— a '—^ 


6.51 and 6.52 Ah extruded beam has a uniform wall thickness I. Denoting by V the 
vertical shear and by A the cross-sectional area of the beam, express the maximum 
shearing stress as T n , ax = k( VLi) and determine the constant k for each of the two 
orientations shown. 
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Problem 6.53 


•tfe 

the pipe. 

/I 

A = ZTT^t 

• 11 


,,0'T 0 


6.53 (a) Determine the shearing stress at point P of a thin-wailed pipe of the cross 
section shown caused by a vertical shear V. (6) Show that the maximum shearing 
stress occurs for 6 = 90° and is equal to 2 VIA, where A is the cross-sectional area of 


J = Ac 1 * Zirr* t I* W* t 


Sun 0 
© 

2r0t 


'.i 


aS- CK-J-C. 


Q^ * A f - Zr t sin O 


(f> t 


, _ v Q.P _ (V ) C# IT fc &»'*> 6)) _ V Si io Q 

‘-p” 1(2*") ~ (ttC£ )(at) ' TC't 


_ J? \/ Si'n n. 
ZTW^t 


Problem 6.54 
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6.54 The design of a beam requires welding four horizontal plates to a 
vertical 12 x 120-mm plate as shown. For it. vertical shear V, determine the di¬ 
mension h for which the shear flow through the welded surface is maximum. 
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Problem 6.55 


6.55 For a beam made of two or more materials with different moduli of elasticity, 
show that Eq. (6.6) 

r 

It 

remains valid provided that both Q and I are computed by using the transformed 
section of the beam (see Sect 4.6) and provided further that t is the actual width of 
the beam where r avt is computed. 
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Problem 6.56 
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6.56 A steel bar and an aluminum bar are bonded together as shown to form a 
composite beam. Knowing that the vertical shear in the beam is 20 kN and that the 
modulus of elasticity is 210 GPa for the steel and 70 GPa for the aluminum, 
determine (a) the average stress at the bonded surface, ( b) the maximum shearing 
stress in the beam. (Hint: Use the method indicated in Prob. 6.55.) 
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Problem 6.57 
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6.57 A steel bar and an aluminum bar are bonded together as shown 
to form a composite beam. Knowing that the vertical shear in (lie beam is 
16 kN and that the modulus of elasticity is 200 Cil’a For the steel and 73 GPa 
for the aluminum, determine (a) the average stress at the bonded surface, (b) 
the maximum shearing stress in the beam. (Him: Use the method indicated in 
Prob. 6.55.) 
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Problem 6.58 
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6.58 A composite beam is made by attaching the timber and steel portions shown 
with bolts of I2-mm diameter spaced longitudinally every 200 mm. The modulus of 
elasticity is 10 GPa for the wood and 200 GPa for the steel. For a vertical shear of 4 
kN, determine (a) the average shearing stress in the bolts, (6) the shearing stress at 
the center of the cross section. (Hint: Use the method indicated in Prob. 6.55.) 
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Problem 6.59 
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6.59 A composite beam is made by attaching the timber and steel por¬ 
tions shown with bolts of 16 mm diameter spaced longitudinally every 200 
mm. The modulus of elasticity is 13 GPa for the wood and 200 GPu for (he 
steel. Tor a vertical shear of 16 kN, determine (a) the average shearing stress 
in the holts, (b) the shearing stress at the center of the cross section. (Hint: Use 
the method indicated in Proh. 6.55.) 
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Problem 
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“► 7 T tr 


Neutral axis 


6.60 Consider the cantilever beam All discussed in Sec. 6.8 and the portion ACKJ 
of the beam that is located to the left of the transverse section CC' and above the 
horizontal plane JK, where K is a point at a distance y<y Y above the neutral axis 
(Fig. 6.60). (a) Recalling that o x ~ o, between Cand K and o x = (a Y ly r )y between E 
and K, show that the magnitude of the horizontal shearing force H exerted on the 
lower face of the portion of team ACKJ is 
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H=~ba r 2c~y Y ~ — 

2 v y Y ) 

(6) Observing that the shearing stress at K is 
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and recalling thaty^ is a function of x defined by Eq. (6.14), derive Eq. (6.15). 
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Problem 6.61 
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6.61 tli rough 6.64 Determine the location of the shear center 0 of a thin-walled beam 
of uniform thickness having the cross section shown. 
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Problem 6.62 


6.61 through 6.64 Determine the location of the shear center O of a thin-walled beam 
of uniform thickness having the cross section shown. 
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Problem 6.63 


6.61 through 6.64 Determine the location ofthe shear center O of a thin-walled beam 
of uniform thickness having the cross section shown. 
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Problem 6.65 


6.85 and 6.66 Ah extruded beam lias the cross section as shown. Deter¬ 
mine ( a ) the location of the shear censer O, ( b ) the distribution of the shearing 
stresses caused by the 12 kN vertical shearing force applied at O. 
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Problem 6.66 
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6,55 and 6,(56 An extruded beam has the cross section Shown, Deter¬ 
mine («) the location of the shear center O, (Z») the distribution of the shearing 
stresses caused by the 12 kN vertical shearing force applied at O. 
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Problem 6.67 

12 mm 


V = 110 k\ 

u 


-—.•*" 

72 mm 

8 Ft ,A 

pEEp 

F t | C 
° F, e 


C* 192 mm 

12 mm 

4 --J- 


6.67 and 6.68 For an extruded beam having the cross section shown, determine (a) 
the location of the shear center O, ( b ) the distribution of the shearing stresses caused 
by the vertical shearing force V shown applied at O. 
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Problem 6.68 



192 mm 


6,67 and 6.68 For an extruded beam having the cross section shown, determine (a) 
the location of the shear center O , (6) the distribution of the shearing stresses caused 
by the vertical shearing force V shown applied at O. 
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Problem 6.70 


6.69 through 6.74 Determine the location of the shear center O of a thin-walled 
beam of uniform thickness having the cross section shown. 
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Problem 6.71 


6.69 through 6.74 Determine (he location of the shear center O of a 
thin-walled beam of uniform thickness having the cross section shown. 
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Problem 6.73 


6.69 through 6.74 Determine the location of the shear center O of a thin-walled 
beam of uniform thickness having the cross section shown. 
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Problem 6.74 


6.69 through 6.74 Determine the location of the shear center O of a thin-walled 
beam of uniform thickness having the cross section shown. 
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Problem 6.75 


6,75 and 6.78 A thin-walled beam has the cross section shown. 
Determine the location of the shear center O of the cross section. 
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Problem 6.77 


6.77 and 6.78 A thin-walled beam of uniform thickness has the cross section shown. 
Determine the dimension b for which the shear center O of the cross section is 
located at the point indicated. 
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Problem 6.78 


6.77 and 6.78 A thin-walled beam of uniform thickness has the cross section shown. 
Determine the dimension b for which the shear center O of the cross section is 
located at the point indicated. 
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6.79 For the angle shape and loading of Sample Prob. 6.6, check that jq dz = 0 along 
the horizontal leg of the angle and fqdy~P along its vertical leg. 
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Problem 6.80 


6.80 For the angle shape and loading of Sample Prob. 6 6, (a) determine the points 
where the shearing stress is maximum and the corresponding values of the stress, (b) 
verify that the points obtained are located on the neutral axis corresponding to the 
given loading. 
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Problem 6.81 
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*6.81 The cantilever beam AB, consisting of iiaif of a thin-walled pipe of 
30-)ntn mean radius and 10-snin wall thickness, is subjected to a 2-kN vertical 
load. Knowing that tire line of action of the load passes through the centroid C 
of the cross section Of the beam, determine (a) Ibe equivalent force-couple sys¬ 
tem at the shear center of the cross section, {!>) (be maximum shearing stress in 
the beam. {Hint: The shear center O of this cross section was shown in Prob. 
6.73 to be located twice as far from its vertical diameter as its centroid C.) 
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Problem 6.82 



if*.. 1. 


*6.82 Solve Proh. 6.81, assuming that the thickness of the beam is 
reduced to 6 mm. 

*6.81 The cantilever beam AB, consisting of half of a thin-walled pipe of 
30~tnmmean radius and 10-riun wall thickness, is subjected to a 2 kN vertical 
load. Knowing that the line of action of the load passes through the centroid C 
of tile cioss section of the beam, determine (a) the equivalent force-couple sys- 
'SJ 30 mm tern at the shear center of tire cross section, (b) the maximum shearing stress in 
the beam. (Hint-: The shear center O of this cross section was shown in Proh. 
t 6.74 to be located twice as far- from ils vertical diameter as its centroid C.) 
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Problem 6.83 

Jfefeiv,. . 



* 6.83 The cantilever beam shown consists of a Z shape of 6-mm thick¬ 
ness. For tire given loading, determine tire distribution of the shearing stresses 
along line A'B' in the upper horizontal leg of the Z shape. The x' and y' axes 
are the principal cetilroidal axes of the cross section and the corresponding 
moments of inertia are / t - - 69.2 X 10" mm 4 and are / y . 5.7 X 1.0" mm' 1 . 
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Problem 6,84 


300 mm i 
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*6.84 For (he cantilever beam and loading of Prob. 6,83, determine (he 
distribution of tire Shearing stress along line It'D’ in (he Vertical web of the 
Z shape, 

*6.83 The cantilever beam shown consists of a Z shape of 6-mrn thick¬ 
ness. For the given loading, determine the distribution of the shearing stresses 
along line A’if in the upper horizontal leg of the Z shape. The X‘ and y' axes 
are the principal centroidal axes of the cross section and the corresponding 
moments of inertia are /., ~ 69,2 X 10 6 mm 4 and are L "5.7 X 1(P mm 4 . 
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Problem 6.85 




*6.85 Determine the distribution of the shearing stresses along line D'B' in the 
horizontal leg of the angle shape for the loading shown. The x' and y’ axes are the 
principal centroidal axes of the cross section. 

- 1518° “ P cc&/£ ~ — P s irt 

A Cy) ~ C&t-j ') t j : y. - O 

CoO'S'Jttr'de. . 

y' - (y- fa-) cos/s -0* s,'y, jS 

X-' - (x-~£o-')c°£> /3 ± Cy-jg 

In 

5 ' - (y-fct)<:*•?/3 - <fx--|<x)s.n/S 

“ i<x)c-<.s/S. - (~£a) s.-«/2 

- O.HSIII y + 0.366 IJ? cl 

yJ - - i a) eo*/£ -v (y-§<x) ^ 

- C~ J-'O.) £-<=*5 ■+ d y “h ^ a. ) Sin^ 

- 0.1SCIH y - o.o^Qio, 


£ ; 7k. -f Aj 

i/t r/t 

(Pos/S >(C?^-y) (fc)Co.t3£Hy -o. Q6?fe<a) 

( 0.1 SSI ta s ){t) 

+ P- Ps’'"<Q^get-yKo .^hi y 4- ou) 


(l.fz s a‘t)(t^ 

P (?gt-Y)C 0.75 0 y- 0.500 Q,) 


ia 5 



0 

Jl 

3 

t 

3 

1 

it 

3 

1 

2 

(aE) 

1 -l.octo 

- 0.4(7 

Q 

O.ZSo 

0.333 

O.25o 

i 6 


Proprietary Material. © 2009 The McGraw-Hill Companies, Inc. Alf rights reserved. No part of this Manual may be displayed, reproduced, or 
distributed in any form or by any means, without the prior written permission of the publisher, or used beyond the limited distribution to teachers 
and educators permitted by McGraw-Hill for their individual course preparation. A student using this manual is using if without permission. 


www.elsolucionario.net 












(W 


Problem 6.87 
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*6.87 A steel plate, 160 mm wide and 8 mm thick, is bent to form the channel 
shown. Knowing that the vertical load P acts at a point in the midplane of the web of 
the channel, determine ( a ) the torque T that would cause the channel to twist in the 
same way that it does under the load P, (b) the maximum shearing stress in the 
channel caused by the load P. 
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Problem 6.88 
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*6.88 Solve Prob. 6.87, assuming that a 6-mm-thick plate is bent to form the channel 
shown. 

*6.87 A steel plate, 160 mm wide and 8 mm thick, is bent to form the channel 
shown. Knowing that the vertical load P acts at a point in the midplane of the web of 
the channel, determine (a) the torque T that would cause tire channel to twist in the 
same way that it does under the load P, ( b ) the maximum shearing stress in the 
channel caused by the load P. 
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Problem 6.89 6.89 'Uii'ce boards. each of 38 X 90-inm rectangular cross section, are 

nailed together to torn a beam that is subjected to a vertical shear of 1 kN. 
Knowing that the spacing between eacii pair of nails is 60 mm, determine the 
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shearing force in each nail. 
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Problem 6.90 
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6.90 A column is fabricated by connecting the rolled- 
steel members shown by bolts of 18-mttt diameter spaced longitudinally every 
125 nun. Determine the average shearing stress in the bolts caused by a shear¬ 
ing force of 120 hN parallel to the y axis. 
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Problem 6.91 


6.91 For the beam and loading shown, consider section n-n and determine (a) the 
largest shearing stress in (hat section, (b) the shearing stress at point a. 


12 - 


16- 


-ISO- 


.*_ 

16 

i 

T 

80 

. 0.6 ii | 

160 kN 

a 


1. 

1 

1, , , f 

! 


Dimensions m mm 




100 

4 

so 

f 


& 

/H® 



J- i 


loo ktf 


So kw 


?o 


ku 


P\\ sec n*A V^2<5i?u 


C-or\ s\Xe.'*' ci^oss iec/'i'&ta as. eX loe, Xcs 

cr? 4-^pes CD j (£)j (D. 

X ( ~ (w)(S6^+ O2)(S0)(Vp r g.2g# 

X*“ ^ (l?oXl6? + 08 £> )Cl6)(92X ' £Hi7£ x/o 4 
I.w (uKgsi 3 r * /o 3 r™" 


I - HI, 6 21* 4 21, = 4 H.27H*/o 

= 44. 274 >/o' c 


e y 

to ivi 


Q, =• GaXaoXio) - 



26, 4 * / O t»i« ^ 


<W> 


Q* “ (/2oK/6)C42^ - 120. 76*/0 3 "w* 

Q a - (J&X3‘0(l7'> - *7.2 43 */o 3 

Q. ~ ^Q| 4 Qjt + X , 0,3 ■— 3i% 0 X5Q> ~j Io mm " 312.2S’6*/o rn 

VQ, (g0xlO 3 Xst?.25r6*to" 6 ') , ^ 

I£ r TXl 274r/C?' 4 )(2.»« |6x/o- s ) r 17- 53 *10 Pa H.63 MPa, 

A4 pm +H ft,Gt, “ Q, ~ 86.9 * /o vnft'P *■ 8&.H * /O * m 1 * 

<->_ VQ . (%o*io' i y S6.yw /o~ a ) - | - e £> 

6- It - Cmh.374wo-‘X^/o- s ) " l3 ' 1 ^ 13.01 MPe^ 


Proprietary Material. © 2009 The McGraw-Hill Companies, Inc, AN rights reserved. No part of this Manual may be displayed, reproduced, or 
distributed in any form or by any means, without the prior written permission of the publisher, or used beyond the limited distribution to teachers 
and educators permitted by McGraw-Hill for their individual course preparation. A student using this manual is using it without permission. 


www.elsolucionario.net 




Problem 6.92 


6.92 For the beam anti loading shown, consider section li-it 
arid determine She shearing stress at (a) point a, (f>) point h. 
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Problem 6.93 


6.93 }‘Ot- the heart) and loading shown, determine the largest 

Shearing stress in section n n. 
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Problem 6.94 


6.94 Several planks are glued together to form the box beam shown. Knowing that 
the beam is subjected to a vertical shear of 3 kN, determine the average shearing 
stress in the glued joint (a) at A, (6) at B. 
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Problem 6.95 


6.95 Knowing that a W360 x 122 rolled-steel beam is subjected to a250-kN vertical 
shear, determine the shearing stress (a) at points, (b) at the centroid C of the section. 
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Problem 6.96 
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6.96 A beam consists of five planks of 38 X 150-niin cross section con¬ 
nected by steel bolts with a longitudinal spacing of 220 mm. Knowing that the 
shear in the beam is vertical and equal to 8 kN and that the allowable average 
shearing stress in each bolt is 50 MPa, determine the smallest permissible bolt 
diameter that may be used. 
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Problem 6.97 


6.97 A plate of 4-mm thickness is bent as shown and then used as a beam. For a 
vertical shear of 12 kN, determine (a) the shearing stress at points, ( b) the maximum 
shearing stress in the beam. Also sketch the shear flow in the cross section. 
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Problem 6.98 
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6.98 and 6.99 For an extruded beam having the cross section shown, determine (a) 
the location of the shear center O, (b) the distribution of the shearing stresses caused 
by the vertical shearing force V shown applied at O. 
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J kH « 1> fa1 ‘ " 

S F=SV )Js 


vi et/f/feJ? 
o^-iS 


EM«. ab ; f«- 

£L^e_oe_: F d£ - 

t P Ffr . - o.o^soa. V -■ 

F M y ~ O. \o£7 & V 


P - VO* HhXso) _ OX3S<52 V 


O.\o$l& V 


+!)2H k - 02M*: 

-\/e ~ Ro& + IS F* +■ /-S' Fp^ + ts" Fur " IO.Z23 V 

D • v < t$! n ^ by V j G. ~ 
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<£. ~ 10 , 3.2 miVN 


At R £T Gr. <a.^<7f X1 
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Q, r (3otf6lO»SV SJv/O* ***? = 8./*/o 4 w, 3 


t = £ X ( o' tv, 

V - V® - _ M, , Ylo < Pa C mi MPa. 

T - It ' (U4&^Wo'‘)C6>/o'M " 4M ' r * ^/.inia. 
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fi ^liJIeK Com- h Wed 

Just "D *,^<4 Je>3'f F 2 

(3.= 8.I */O + (&t “• 13.5 * lO % " IS.-lTx/O m" 

t - & * IQ' 3 * 


r = 3£& - £M±&iyi\xx* i£l „ go <rv/ ^ p 


It ' ( 1. H &S2«|W )(4 Wo~*) 


W * £8.5“ tf p<x 


<JVs4 4* rijA.4 $4 X) j U5 ^ 4** *V^e ircjjiiV <£ F* t 

Q. ~ ($o)C**) 0 s) - i.%*lo % MM 1 - l< 8 *io~ i ty? t~y-*i<s ' 1 m 

*£ - sc ^* (&. .).... — io 71 y in 6 p, - I 1 ? 7| mo 

L It (I-Hsgx^to ‘■^yso"’ ■) l*./i*fO u . i3.7J MR*. 

\Just 1 'otJ^cw 1) C(.v,d A'io'/e. P * 

CL" ip..s*lo* + l.$ »/o s - !5.3*/o s lS.Z«td^n 

£ r S * /0“ J M 

V « va - /3S*/t^)Qj>.3«/o c ) , 77 7 y .* p _ 777 Mp 

r Xt fUHMA./o^Mo-*) ■ 77.7 * to r^L - 77.7 MPa. 


-<J 


A-} K: Q. - IS'.Sx/o’ 5 4 -' QZiOsKr.s) * I6I97S*/C^^ * IF. c n$-*ld < ‘*J! 

x = 3M „ &£" Jo'X i*SJ£2JoD. - s/ . v)0 ‘p a - o/ I HP. «* 
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Problem 6.99 


6.98 and 6.99 For an extruded beam having the cross section shown, determine (a) 
the location of the shear center O, ( b ) the distribution of the shearing stresses caused 
by the vertical shearing force V shown applied at O. 


E 


F t C 


V = 35lcN 


14 nun 

ISteidSi — 

t \ l 


L - 0.933 x loomin'* 


Iab r Lfy * £>.2.4314 x/O* ***>'* 

loo »£» - + CJoX&Ylsf = 0~OtjoHWO c ^ 

I AH - ^feX'toY 1 - o.s&is'«io* *** 


I - II • 0.?3^^/o 


( H 


(cl) F<^ c. £% e, j ACs) ts 

fc Q(sV- jts 

TE^ - »«; ^ ^ 

1 ^ F ’OEt 

- .V0L 

EM«^ 6.* - °‘ 08S ^ V ' 

El^M ■■ FW -v - 

FA^e F6 : 6*- 0.0454(3 V 

FA.**,e H3 « F« V * 


+3IM* - Ol^: 

Ve “ 45 Far + IS Fve ri /S F P * + 45 P HJ * *1.1167 V 
tjy Vj e - 


6 ~ 7- /-^ ►>>!»*> 


Go) GajPcjJAf ion cf stresses 

V = SSWo* KJ X - o.« 


V - SS^O* Kl X r «lcr i m' t 

Af 8j G-j X : X! " o 

At A H: <2 =-{3o)^!Gs > l - ^ y |o 3 ^ = s.H*(o c vS 

V 'jr <Sg o°3^I-^ ' ) ' =■ m-S* •><>' NA- 

Xos+ F> -H* r'Cj.kl- of A H r t,~ 4v/o' 3 1», 

jr -- ' 5*o.6«A>* p* r ro.< np«. 

Co*vVi*Ue<J 0/1 Oey4 
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Probie w\ 6.^^? toef} noiije^l 
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Problem 6.100 


6.100 Determine the location of the shear center O of a 
thin-waited beam of uniform thickness having the cross section shown. 
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I = 4 I to - f •‘2 tib^t M/v, 


If{,*7font lot fat* 


In j=>aH 8T> i Q ~ Q^a + 

Q - Uift'iOw') i (6£-y)£(4K e'rf.y') 
- nscot + T-m^t - ■££.y* , 
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PROBLEM 6,0 


6.C1 A timber beam is to be designed to support a distributed load and 
up to two concentrated loads as shown. One of the dimensions of its uniform 

-«- x 4 -«• rectangular cross section has been specified and the other is to be determined 

-*- x 2 --*- so that the maximum normal stress and the maximum shearing stress in the 

■*— T;! *■ p, beam will not exceed given allowable values (T all and T a!1 . Measuring x from 

Pi w _____ end A, write a computer program to calculate for successive cross sections, 

| ' : j •-H/h- from x — 0 to jc = L and using given increments Ax. the shear, the bending 

g| moment, and the smallest value of the unknown dimension that satisfies in that 

-I*——- -j- —1—1 |§ 1 section (i) the allowable normal stress requirement, (2) the allowable shearing 

stress requirement. Use this program to design the beams of uniform cross sec¬ 
tion of the following problems, assuming <T an = 12 MPa and r a n = 825 kPa, 
< n ' lj *'r* * and using die increments indicated: (a) Prob. 5.65 (Ax = 0.1 m), (b) Prob. 5.157 

(Ax = 0.2 m). 

SOLUTION 

5zc solution o{ ? 5.C2 for the determinate on 0 { F y> V(x) ar, f l 
We recall that 

V(x) r T? a ST?f\ 4 S1PB - ^5TP7 - ? z STfy 

- M (X- X 3 ) STP3 + VJ (z- Xif)5 TP^ 

Mfzj ~R A (z-o^STPA +R B (z-a-L)sTP& -? ( (z-x,pTPI 

~? t (x-Xi)5TP? (Z-X 3 Y$W5 41 w(x-xdf 5r?H 

5TpA f 5 Tp3 / ST?1 } _5 tRz STV3,W)H STPft- arc- sfcp 

fuwuonb Hzfinecl ii~j PH),CZ * 

CO TD.-f2.BUZ f Y_ . TR £ A LLQ ttifl £ fJL Ml Midi UXRZSS . ff TtyUiREf MEN'] • 

/£ dimens ion is /i; 

= /Ml/Ozi/ " From S-UtO we hd/e h~ h - \f (Z, s/t 

jT uoKvjwoi ch f metis? ion is fc: 

-Zm - |W l/<W/ , Trrn, S-gt/i* ve have t Q -t- 6S/1? 

Cl) PQ SAViry Tfiz SHxf)Hirl£ STRESS Kz WiPFZfLVl 1 


We hd/e h 0 ~ h - 


)i RE MEh/T ■ 

Ti/T 


\Pi 

use &f. (6 ,iq) ; po^ e 3 

78 ' r 7 - 
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i?/M 
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2 ib 
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umku w/n 

(d i fy] (oi! 
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;3 t' 

T — t 

_ JM 





*? 



(CONTINUED) 


www.elsolucionario.net 






PROBLEM 6.0 CONTINUED 


outputs 


Problem 5.65 problem 5.157 


RA = 

2.40 kN 

RB = 

3.00 kN 



RA = 

25.00 kN 

RB = 

25,00 kN 


X 

V 

M 

HSIG 

HTAU 


X 

V 

M 

HSIG 

HTAU 

m 

kN 

kN.m 

mm 

mm 


m 

kN 

kN.m 

mm 

mm 

0.00 

2.40 

0.000 

0.00 

109.09 


0.00 

25,00 

0.000 

0.00 

378.79 

0.10 

2.40 

0.240 

54.77 

109.09 


0.20 

23.00 

4.800 

141.42 

348.48 

0.20 

2.40 

0.480 

77.46 

109.09 


0.40 

21.00 

9.200 

195.79 

318.18 

0.30 

2.40 

0.720 

94.87 

109.09 


0.60 

19.00 

13.200 

234.52 

287.88 

0.40 

2.40 

0.960 

109,54 

109.09 


0.80 

17.00 

16.800 

264.58 

257.58 

0,50 

2.40 

1.200 

122.47 

109.09 


1.00 

15.00 

20.000 

288.68 

227.27 

0.60 

2.40 

1.440 

134.16 

109.09 


1.20 

13.00 

22.800 

308.22 

196.97 

0.70 

2.40 

1.680 

144.91 

109.09 


1.40 

11.00 

25.200 

324.04 

166.67 

0.80 

0.60 

1.920 

154.92 

27.27 


1.60 

9.00 

27.200 

336.65 

136.36 

0.90 

0.60 

1.980 

157.32 

27.27 


1.80 

7.00 

28.800 

346.41 

106.06 

1.00 

0.60 

2.040 

159.69 

27.27 


2.00 

5.00 

30.000 

353.55 

75.76 

1.10 

0.60 

2.100 

162.02 

27.27 


2.20 

3.00 

30.800 

358.24 

45.45 

1.20 

0.60 

2 .160 

164.32 

27.27 


2.40 

1.00 

31.200 

360.56 

15.15 

1.30 

0.60 

2.220 

166.58 

27.27 


2.60 

-1.00 

31.200 

360.56 

15.15 

1.40 

0.60 

2.280 

168.82 

27.27 


2.80 

-3.00 

30.800 

358.24 

45.45 

1.S0 

0.60 

2.340 

171.03 

27.27 


3.00 

-5.00 

30.000 

353.55 

75.76 

1.60 

-3.00 

2.400 

173.21 

136.36 


3.20 

-7.00 

28.800 

346.41 

106.06 

1.70 

-3.00 

2.100 

162.02 

136.36 


3.40 

-9.00 

27.200 

336.65 

136.36 

1.80 

-3.00 

1.800 

150.00 

136.36 


3.60 

- 11.00 

25.200 

324.04 

166.67 

1.90 

-3.00 

1.500 

136.93 

136.36 


3.80 

-13.00 

22.800 

308.22 

196.97 

2.00 

-3.00 

1.200 

122.47 

136.36 


4.00 

-15.00 

20.000 

288.68 

227.27 

2.10 

-3.00 

0.900 

106,07 

136.36 


4.20 

-17.00 

16.800 

264.58 

257.58 

2.20 

-3.00 

0.600 

86.60 

136.36 


4.40 

-19.00 

13,200 

234.52 

287.88 

2.30 

-3.00 

0.300 

61.24 

136.36 


4.60 

-21.00 

9.200 

195.79 

318.18 

2.40 

0.00 

0.000 

0.05 

0.00 


4.80 

-23.00 

4.800 

141.42 

348.48 







5.00 

0.00 

0.000 

0.00 

0.00 


TV smallest cOUwolIjU value of h /S the largest of the values 
5lmiVii in fhc lad two colu»m»c>. 

For Vnb- 5,65, h=h g - m/l m*>. mi 
for fob. 5,153 h = - 373 mm -M 

£r 
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PROBLEM 6.C2 



6.C2 A cantilever timber beam AB of length L and of uniform rectan¬ 
gular section shown supports a concentrated load P at Its free end and a uni¬ 
formly distributed load iv along its entire length. Write a computer program to 
determine the length L and the width b of the beam for which both the maxi¬ 
mum normal stress and the maximum shearing stress in the beam reach their 
largest allowable values. Assuming <r aU « 12.4 MPa and 7 ^ -- 827 kPa, use 
this program to determine the dimensions L and b when (a) P — 4.448 kN and 
V) ~ 0, (b) P — 0 and w ~ 2.2 kN/m, (t) P 2.224 kN and w ~ 2.2 kN/m. 


SOLUTION 

fjtdl) the Shear S -fhe. MAXimom bpru'ii'ee ^oyn&nf 

Occur at Pi. H/e haVc 


V-P + aj) L 

r\ 


M 


A 


PI -t ~ <xr£ 


T6 SATISFY Tree AiLLbvjn&lt tfoUNQL SJHZbs E&PlES^f T' 


<?« - f 


Ma 


tmf “ 32 V> 


&~b- 

o 


3_ 
ijZ 


Af„ 7 ^ 
%ll 


_'" Htff ZitiCr STRtj s__ p^ Q.0tRmirK7, 


Wt use P<?. (S< 10 ), paup SI'S ‘ 

3 ^ _ 3 v/ _ 3 \f* 
ZP ~ L 


x- 

c aV 


b(Sb) 


Kob 2 - 


p 

<c 


{*- 
L U 


3 Va 1 P 


1 Z> S^ii 


?R0&kt\p 

for L=0j Vq- p rs -jnd b^>0 f Shiie ~ 0 awl b^s-O' 

S hathm With L - 0 a.hd usiry f VI acme*h AL- 0,001/n. We thereto 
l 01 . 1,1 b Q ojoS b t bzcotft Vjual. W/e ft^en print 1 aM b. 

PRDbflfi A\ OujVOTS 


For P = , w = o.o kN j m 

Increment = 2 htin 

Ij = 52 fn M , b - J? /- lb Actn 


For P =» 0 kN. w = S'i-kNp 

Increment ~ZM/r\ 

L = /7i ?6 /n/r> . b * Sk*j'"77 W fa 


For P = 2,‘llS krl, w - -2 .r -zSNffn 
Increment = -2. MA 
L = N> P% b = A f? ‘ S' h m 
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PROBLEM 6.C3 


PMU 



6.C3 A beam having the cross section shown is subjected to a vertical 
shear V. Write a computer program that can be used to calculate the shearing 
stress along the line between any two adjacent rectangular areas forming 
the cross section. Use this program to solve (a) Prob. 6.10, (b) Prob, 6.12, 
(e) Prob. 6.21. 


SOLUTION 


f, Enter V and ike number W of 

tecf'artjJes. 

Z, for Is I to ^ e n te r the diwcasiohS b ' and . 

3. Veierrnint tht circa -bfh* of each redahjfe, 

d-i, ^Determine the efemiion of ifae Centrald of each reefa-rvj /e' 

3 l -fzS ~ 0 ' 5h '‘ 

0.nd 4fie c/erafCoti ^ of tkt centroid of fAe entire section' 

$-(f *i W< f *t) 

E 2>eftrrn!ne the CentrorJaJ moment of inert fa of the entire. 

Section! __ _ . 

x -"f lrz¥E\Cfr~tf] 

6 > for c ach Surface se pared i‘n(j two cecforngfes CQndl+l> 
determine of the are^ below iU cut surface. : 

f :l = 

Z Select for t • fht Smaller (, ft- and 

V- C IsT 1 

Tht shearing stress on fheSurfa.ee between the teef^nj/es 
0 and i-ff 13 

L I t ; 
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PROBLEM 6.C3 CONTINUED 


PROGRAM OUTPUTS 



IZ ir>M 

3S mm 

io3 m-v | 
12.mw' 


Problem 6.10 


Shearing force - 

10 kN 

YBAR = 

75.000 mm above 

i base 

I. = 39, 

. 580*10"- 

6 mm'* 4 


Between 

elements 

1 and 

2: 

TAU = 

418.39 

kPA 


Between 

elements 

2 and 

3: 

TAU = 

919.78 

kPA 


Between 

elements 

3 and 

4: 

TAU = 

765.03 

kPA 

< 

Between 

elements 

4 and 

5: 

TAU = 

418.39 

kPA 



(a) 

(b) 


|-*- (OO h\M ■ 



11 nr*) 

3<? /nA> 

3$ tn IT) 

| 12/n IT) 


Problem 6.12 

Shearing force = 4o PG 
YBAR - 5c /m m 
I = 5if?> )( / o~^ m tvT 1 * 

Between elements 1 and 2: 
TAU = (S'St5~ MPa. 

Between elements 2 and 3: 
TAU = 2/.o3~ MP« 

Between elements 3 and 4: 
TAU = iS'SZMPo 


fa.) 

(b) 


f*~- IbO 


n)rA 





Problem 6.21 

Shearing force = 
YBAR = 65.000 mm 
I = 58.133*10^-6 
Between elements 


90 kN 

mm" 4 
1 and 2: 


TAO = 23.222 MPA *4 (b) 

Between elements 2 and 3: 

TAU = 30.963 MPA «« (&) 
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PROBLEM 6.C4 



6.C4 A plate of uniform thickness t is bent as shown into a shape with 
a vertical plane of symmetry and is then used as a beam. Write a computer 
program that can be used to determine the distribution of shearing stresses 
caused by a vertical shear V. Use this program («) to solve Prob. 6.47, (b) to 
find the shearing stress at a point E for the shape and load of Prob. 6.50, 
assuming a thickness t ~ 6 mm. 


SOLUTION 


-x ,—.-h For each elei)lent on the nthf- hand 5fde.j 

y/t console (for l-I to -rt) *« 

tengfh of elements L l-\f(X L (y c 

A Cea o-felttnenl - A; “ tl~- where t = P mm 

L L 

DisUuic. from X am fo Centroid of element ^) 
£>itfamc from X to centroid of Sectiom L ' L L +> 

Mote that f n - 0 and that = y„ +l = 0 

Mo (net f (J i r.efilQ of Sect icn'< ciL’Ovt Centroid a! njXt'3 : 

02$)j' 0 Is. o n of Q at poin i P v/hert stress is des> red 

& ~ ^ A i (f{ ~%) rthert sum extends To fhe afw located 

betvSetn bue enc{ of section and j^oinf P* 


Sheart nut stress 




nevtra/ axis, for ( ftp — 

:Qr> RHM ourp u7 5 


Part (a) : 

I = 0.2 X10 6 mm 4 
Taumax = 14.06 MPa 
TauB = 12.5 MPa 


Part (b) ; 

I = 8.352 X 10 s mm 3 
TauE - 1.293 MPa 
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PROBLEM i 


H 



6.C5 The cross section of an extruded beam is symmetric with respect 
to the x axis and consists of several straight segments as shown. Write a 
computer program that can be used to determine ( a ) the location of the shear 
center O, ( b) the distribution of shearing stresses caused by a vertical force 
applied at O. Use this program to solve Probs. 6.66 and 6.70. 

SOLUTION 

£/Me? cfc-t/qn /£ m'FM rx 

CO M P»TA r ria/'iS LX/iUL B/T Ocs/^F fra/i. 75? 

A/Acp. 

J'&fl i - / 7b ^ +j -77 +1 /jr 77f£ a/2A5'*) 

Compute FAch OFF/*" FA?F 

Fan £ = J 775 -n 


l* ( ***+*?})* 

Cal <il>lr7£ moment &f • T 





—) Co*S/t)£fi. SJetMWY Ai 

OF /&G £QU+ L Pa rt7% 

L = / yc 77 
Awe* - li £ Jj aa 
FO/L X =r/ TZ> /CO 

*J * % +AL k^ 

AX=/j}f 

X - I v- X 

_ ya 

S/HC£ ONLY T&r M&LP voas oseo 

J «■ 2.1 

C ALCULATE LS'/FAi&'YA C^/ZlFS* tfn~ FA'CS oF 

£.££A'/c*f7s oA’p Oh/eAn fte/zcex /*' n PHTf 

P^&fZ L tr / ~r & V} 

A ftizep * Ai Ci Jtoc j < J yL 

Fa/z -i =r / yz> /ocj 

tl~ X' f At ii ^ '~ c, -2))/oo 

A 

9 

y- 

- CONTINUED 
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PROBLEM 6.C5 - CONTINUED 



PafZctf £ = AP-/Fft) 

n-v«/i x t L 

(ZoMcerr), = 


t+/ 


& -=Q 


K>^t (ApJKJtt-rr)tl 


P’Pd&frAM OUTPUT' 


l OCftTW OF C£rSJ-7l~ r^, 

C^i_€.uLA~rir /JiVv^r ap £#&#& 

Fofi-Ces. /hgowr a-fl/6/W 

PeTTL L~ I T& ”n 

L F Z)/L ~ ^ y c)J l £ 

~ (+ Ah % i 

M&M&H7 -er MCME*Y7 V- 

Pan V/AalF SFCT/C^ MCM&H7 ~ "Z (mcw&*t) 
SFJF/Hi ce/vT&fi IS A/~ 

e:rr FAOM £MT Jv 


Prob. 6.66 



T (K) 

X<K) 


y (k> 

L(K) 


fn/r) 

tnrr) 


fn/r) 

M/y> 

1 

3 

too 


.00 

7$ 

2 

3 

ICrG 


1C 

i(>S 

3 

? 

.00 


IS 

7 £ 

4 

-h 

.00 


.00 


Moment of inertia: lx - 

S'Ohzy-fb*’ /n A 

Shear - 

Z k-N 

Junction 

Q 

Tau 

Tau 

Force in 


of segments 


Before 

After 

segment 



tnrr)** 3 

MPa. 


k-H 


1 and 2 

ms- 7 

b’U- 

i- a 

op 9? 


2 and 3 

Saf37’5 

24-W 

2V-W 



3 and 4 

3^375 

3)‘tl 

21-11 

b’Hbt 



Moment of shear forces about origin: M = poO kNth 

+ counterclockwise 


Distance from origin to shear center: e = b(o- bbl /nfn 


CONTINUED 
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PROBLEM 6.C5-PROGRAM PRINTOUTS CONTINUED 


Prob. 6.70 



T (K) 

X{K) 


Y(K) 

L(K) 


mm 

mm 


mm 

mm 

1 

6.00 

60.62 


.00 

70.00 

2 

6.00 

.00 


35.00 

35.00 

3 

6.00 

.00 


.00 


Moment of 

inertia; lx = 

' 514987. mm 

**4 Shear = 

1000.000 

Junction 

Q 

Tau 

Tau 

Force in 


or segments 

Before 

After 

segment 



mm**3 

MPa 

MPa 

kN 


1 and 2 

7350.00 

2.38 

2.38 

335.01 


2 and 3 

11025.00 

3.57 

3.57 

666.27 


Moment of 

shear forces 

about origin: 

M = 20.309 

N-m 

+ counterclockwise 





Distance from origin to 

shear center: 

e = 20.309 

mm 
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PROBLEM 6.C6 



6.C6 A thin-walled beam has the cross section shown. Write a computer 
program that can he used to determine the location of the shear center O of the 
cross section. Use the program to solve Proh. 6.75. 


SOLUTION 

jsiribvf^n of shea nog ekfflent L ' 

Let \f r Oh tftr i*n cross Secfioh 

I - Certfroifot mod )fy^t of /VlerfiA ofsechdri 
We haV-e for shaded arca. 


H 


I 

J 


Force e/erfe-d on ef-errfent p 


"J 

1 


® =A J **£*J= 

=zfK-f) 


It: tl 


F; 


A 

CL; 


d) 


A 


i r P e A d *)" ^ r w-^) ^ 
- f f U-fU,. 3 <v- 


I y t a: 

3 X 1 1 


1 T 



'l ♦ 

1—Jb 

i v 



A 


V 


IF--rr : - v 




J T^Zi\:§^Ft : ^h^eV 


0) 

(O 


FRo&r^m output i 

Problem 6.75 


D'n/tle ft) b'jO) / e 


hi 


For element 1: 

t = a = b = 0 

For element 2: 

t = / £ m a- » a = 7 £ fr\ , b= JLO-O Av/n 

Answer: e s.S°l'Z { f A ' v '’ 1 
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Problem 7.3 


7.1 through 7.4 For the given state of stress, determine the normal and shearing 
stresses exerted on the oblique tare of the shaded triangular element shown. Use a 
method of analysis based on the equilibrium of that element, as was done in the 
derivations of Sec. 7.2. 




TF - O: 

<5T A -120A cosZ0°co% 70 “ - ‘jS'A c«s 2d*si*20 °- 4JAsi'« pt/cos Po* -goA s r* PcF- O 

6“ - l^cos 2 20* t-yScos20 0 sirt 2o° + y£sf/i2o° COS-?O a + £Ctsin Z 20° 

(5~= 14.MP'u - * 

+ \^F = o: 

-t ffi > P\co's%Q*Siv\ j%o* — *{Sfl{co %Po c*>sPo J + 45A S/Viposiw, ?0° — CoA 5<V? co"s Po “ © 

t" ~ ^Cos^-SiV^O") + Sos-oPO^eosPo 0 

15. 14 HPCL-* 


Problem 7.4 . 71 ,hrou s h 7.4 For the given slate of stress, determine (lift- normal and 

shearing stresses exerted on the oblique face of the shaded triangular element 
shown. Use a method of analysis based on the equilibrium of that element, as 
was done in the derivations of Sec. 7.2. 



+-/ ~2F ~ O 




<5 A 


- A cos SS°co%SS° + dz. A s.v.SS*' s;«SS° ~ o 
G = r* cos* SS~ - 'fz _ - O'54-6 Mp« 


+ \ 2 T - o 

t A *” -5 *'tT* A coi S5 ■St»i 5X — ■4'Z A sin 55° c®s •sS5 ° 

£ * /j*6 c«s ££* s.'v, 54“° ~ £4^2 M pa 
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Problem 7.5 


7.5 throat 7.8 For the given state of stress, determine (a) the principal planes, (b) 
the principal stresses. 


'imp 


it) MI’a 

35 MI’a 
BO MI’a 


<SV * -Co MPa. 


(cOi 20., 




% - - 4o MPa 

(aX&S) _ 

-££> + fo 


r SS MPa. 

3.So 


2 Q f r ~7¥.0S a 


Op - -37.0" J 5 3,3 




<w 6^.,. * + V 


£o-4 




^ a. 

- SO ± 36, 4 MPa. 


Cw= -rl3. MPa 


6^- -«6. 4- MPa 


Problem 7.6 



7.5 through 7.8 For rise given Slate of stress, determine (a) the prin¬ 
cipal planes, (b) rise principal stresses. 


~ - 42- M 


l>a (a) 


Qt? 2$Mfe K 6}*- itioMfa 

*“»r ’ §rk, °- 1Sa 

2&p ~ 3 €. 87 ° 18 . 43 % 108,43 

(V) 6-^w. = S | S ' * 

-- 

- fvi 7n 

S^. - /5? ^ 

5 -. . MA? 


Proprietary Material. © 2009 The McGraw-Hill Companies, Inc. All rights reserved. No part of this Manual may be displayed, reproduced, or 
distributed in any fonti or by any means, without the prior written permission of the publisher, or used beyond the li mited distribution to teachers 
and educators permitted by McGraw-Hill for their individual course preparation. A student using this manual is using it without permission. 


www.elsolucionario.net 






Problem 7.7 


7.5 through 7.8 For the given state of Stress, determine (a) the prin¬ 
cipal planes, (b) the principal stresses. 


a* M p» 

28 MPa 
63 MPa 


M 


JP 


6* - CtMfq 


6^ - - 4 2 mP<\ 


Xy - 2XMr<\ 


W 2&r = *■ 0.533"2> 

(5 x ~6y <03>\^Z 

1& ? - T.%.01 0 a p r 1104^ 104.04° 

<su«,wdn * ± 


2 . 

lo*s+SIS 

6^ = -TO 


Problem 7.8 


7.5 through 7.8 For the given state of stress, determine («) the principal planes, (i>) 
the principal stresses. 



6~ x " G MPn 


6J - 30 MP*. 




(CQ +0.^ 20, 






O .750 


2.6> p - 36. £7* 


6 - "2>o 


« 6>,.. = ^ •* «,* 

* i«* 15 64,^ - 33.0 Mptc —9 


<31*,* r 3.0ol^Pe<. 
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Problem 7.9 


7.9 through 7.12 For the given state of stress, determine (a) the orientation of the 
planes of maximum in-plane shearing stress, (b) the corresponding normal stress. 


10 MPa 
~*~ 35 MPa 

60 MPa 




61 r -60 MPa. 


6^ - - Mo HP,X 


ty s 3S MB*. 


(cO 


g, ~ _ _ -Co 


2 U,y 


20 < r IS. MS' 


(aK*S) 


O.Z8S1 


49* 0 ° 




= V(=w *<*r 

-60 -Mo 


<5 


5"* -S&.Otfft. -* 


Problem 7.10 



7.9 through 7.12 For the given state of stress, determine (a) the 
orientation of the. planes of maximum in plane shearing stress, ( b ) the corre¬ 
sponding normal stress. 


<Oj e t 'Zvy - -4-2 

W Zfl..- ^ - 1.3333 

2 © s r- 53 . IS" © 5 r- 2 €. 57 ‘ > , G 3 .M 3 ° 

(b) tu* 

_ -j M (- 4 2 ) 2 - ]o Mpq —• 


(cl 6- * 6U * -Sifi. , * 


S>4.A1fy 
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Problem 7.11 



7.9 through 7.12 For the given state of stress, determine (a) the 
orientation of the planes of maximum in-plane shearing stress, (b) the corre¬ 
sponding normal stress. 


6/ “63 Mfe\ 




2^ - 2.9 


(<*) f* n - 


6;-6rv 63 i'^-z 




ii. - 


(2 )f2F) 


/. «7r 


- - 61.43° 


0 S - - 30.46 ^ 


cm r„ - ■* v 


tel S' 


-- TtkdtZ- , to-s 


Problem 7.12 



7.9 through 7.12 For the given state of stress, determine (a) the orientation of the 
planes of maximum in-plane shearing stress, ( b ) the corresponding normal stress. 


S'* * 6. Mpc, <SJ = 30 Mpev - - S HpA, 


g -3o 

C2X~ e »') 


I.33W3 


C°J f*„ ZB, = - %# 

/ ivy 

Z9^ ~ "SB,. I3>° 

« 6 -1 - 6U - 

_ 6 r3o 
2 


* — 26.6 j 63.4 ° 


ico>mp*. 


6T' - !2.<yo 
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Problem 7.13 


7.13 through 7.16 For the given state of stress, determine the normal and shearing 
stresses after the element shown has been rotated through (a) 25“ clockwise, (b) 10° 
counterclockwise. 


S'* ^ O 


6^ - -20 MPa. 


~ -SO MPa 



P* ±2* ~ -40 MPol T Ho MPa 

2 2 

C0S + 2^ sin 20 

Sm 2d 4 CoS 2a 

, §r4_6i _ $^_S, ^ ^ ^ S|V 2Q 


y— _ 6* + 

«i’ “2 


(0-1 0 r - 25" 


2B - ~S0° 


- -*0 

4 HO cos C-^D° ) - SO Sin (-5©° ) 


34.0 MP* -• 

tty ~ 

- 40 «i»t (-.So“ ) '-50 cos (-So*) 

?*v ^ 

- \.S"MP«i -*» 

6j' * - 40 

- HO cot>C-So°) +SOsi« Cso°) 

ey* 

-jOH.OMpet -59 

» a - io u 

20 = 20° 



6 *. e -Ho 

+ 40 coi(30‘) - so Si>»(2o* ) 


-IW.SMPet -* 

% ’ 

~ Ho s;» (2O-0 - So ccs^ 2 o a ) 

r*y 5 


-Wo 

- Ho cos (2o p ) +50 s»> (Xo* ) 

s 

J 
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Problem 7.14 


T.13 through 7.16 For the given state of stress, determine the normal 
and shearing stresses after (lie element shown has been rotated (a) 25° clock¬ 
wise, (fe) 10° counterclockwise. 

84 M Fa 

6; = 7^,- -42M#5f 

^ 7 oMfq 

£*x' ~ ^ Cos 4. St'^ 2© 

Tvy - - 2© 4 Tx^ cos ^6) 

% ^ Ct>s *«9 _ ^ 5 ,-„ ^ 


(a-1 

Q - - 

2S U 

20 = -So° 




* -17 

+ 'X 0 

cos ('-SO" ^ — l\-% 

S ~ 

63-/ *7#? 

7^« i 

~ 

-1 0 

^tVi (“5^d ) /j ,j ],. 

cos (.-£ o ) ~ 

2.L-L Mf(\ —« 


^ - 14- 

~lo 

CoS (~$0° ) + 4^. 

s.v* ( -so* } - 



(b> © - 10 ° 20 - 


6- k . * 

- /4 

+ 10 - 42. s.'n(2o‘) - 

57*-4 

— 

% * 


(20' ^ - 4^ 003(^0*^ - 

- £>3* 7 MPc\ 

- 

Sy * 

-/<>■ 

-1© OS (2.0* ) 4- 42 SiVt (2^) *■ 

— i >5 - 4 

-i 
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Problem 7.15 


7.13 through 7.16 For the given state of stress, determine the normal and shearing 
stresses after the element shown has been rotated through (a) 25° clockwise, {b) 10° 
counterclockwise. 


00 MPa 


4 co«, Ze 4 s<»i^© 

2ty “ ~ stvi 2& + 2ty c»>s J?© 

C" — ^ “ Gy rj r\ *Y O r\ 

Oy - ^ ~ Ct>S X& - Sivl 2© 


(CL) 0 - « ZQ tt - ^ 


6 *' - 

ir 

- 75 

Co s 


) 

+ 3o 5 im (-So '') 

<v= 

MPa 

-• 

tty * 


+ 76 

£iV) 

(-60° 

) 

4 30 cos C~So ) 

'Ey = 

-3 8.2 Mp*. 

- 

S y * 

ur 

+ IS 

CoS 

(~SO° 

) 

- 30 sinC-SO 0 ) 

it 

36.» Mfia. 

— 

e - 

to* 


ze 

- 20 

- 





6V - 

IS 

- IS 

CoS 1 


f 

20 si»(ZO°) 

er„,r 

-4S12IMP* 



tty s + Tf SiV, ao*) + 30 £,,/ ~ .53.3 MPa 

<5y * 15 + 75 cos CZo° } - 30 s^(2o°) 6y = 75 .»MPa^ 






30 MPa 

60 MPa 


5* ~ - So MP* 6^ «jo MPa 
r IS MPa 


= 30 HPa 
- -75 HP^ 
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Problem 7.16 


7.13 through 7.16 For the given state of stress, determine the normal 
and shearing stresses after the element shown has been rotated (a) 25° clock¬ 
wise, (b) 10° counterclockwise. 


6^-0 <S^ - Biotope f*, = 

6* v 6~s CT/-6; 

— * 2 . ^ - ~ * - -zZMfc 

$V * CoS *© 4 am *<9 

S>;?e 4 -Tv* cos^© 

6y Cos*© - r WJ a.«2d 


e e ?©*■ -67>* 


<s> “ 

2$ 

- C«S + ss sm (-60“'! 

~ - ib'fr MPe-i 

— 

- 

2% 

s.v, (-60°') \ 35 c*s(-So°) - /. 

6$ Mpc\ 

- 



4 eos (.-So” 'J -35 s-9 (-S O') 

— no. <9 w Pa 

- 

& = 

10° 

70 ~ 20° 



= 


- 29 cos (20°} 4 35 sm Cao*) - 

n< 7 MPa 

- 

%Y T 


(30* ) 4 36- c os (ao“) * 

4-Z‘S M Pci 

- 

* " 

>2 

4 ?2 Cos (20°^ ~ 35 cos (2o a ) - 

If -4 Mp£\ 

— 
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Problem 7,17 


7,17 and 7.18 The grain of a wooden member forms an angle of 15° 
with the vertical. For the state of stress shown, determine (a) the tti-plane shear¬ 
ing stress parallel to the grain, (i>) the normal stress perpendicular to the grain. 


4.2 At Pa 



S* - o 


0 = -l£ a 
(O.) 2iy 


(U 6* 


6*^-0 r+j-4'2- Wq 

29 * - 30* 

—0 ^ . ffiy sin 2,9 + Co* 2 & 

~0 + 4 -< 2 . CosC-3t>“) 

+ Skzfh Cc<s Ze + 7^ s.'n 26> 

O + O-t q-<Zs;*(-3 o") 

~«2</ M/^f —I 


Problem 7.18 



(W er* 


g'v+g'y . 6^-6; 


7.17 and 7,18 The grain of a wooden member forms an angle of 15° with the 
vertical. For the state of stress shown, determine (a) the in-plane shearing stress 
parallel to the grain, (b) the normal stress perpendicular to the grain. 


s; - - 2.S MP* 6j, * -1.5 MPa. Xnf * O 
0 ^ - IS” 2d * -3of* 

C*- ■) liy “ - 

:r - ~ ~^~ LS) ~ Si'* (-3o°) +- O 

=-0.«2>MP<e 

c.*s 4" / %y /?£> 


■lz£-±.( f L-J>). t- c^Czo"') + o 

2 % 


6^-2.H3MP«. 
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Problem 7 19 7 ' 19 , wo membe rs of uniform cross section SO x 80 mm are glued together along plane 

a-a that forms an angle of 25° with the horizontal. Knowing that the allowable stresses 
for the glued joint are a — 800 kPa and r = 600 kPa, determine the largest centric load P 
that can be applied. 



S' 


6T* & ■* <Sjl S!<r\ X Q Sl*9 CoS & - 


O t 


£ 

A 


. X 

Sir, 


O 


Ag 

si«*CS~ 


{SO*[Q~ % )(gOOx/0 3 ) 

si* 1 


3.10*10'' N 


T? - ~ ( 1 siaScusS + (cos 9 ~ si* x & ) - ~ sii£S ebs^r-f O 

<p> _ A t- _ _ (Sbx/O )C8Qx/0 )(&QO *IcX'') _ Q 21 x lo '* N 

s* h 65^ cos (S* 

MaJoe of "P is ife on<», P= 3-7° krt 
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Problem 7.20 



7.20 A steel pipe of 300-mm outer diameter is fabricated from 6 mm 
thick plate by welding along a helix which forms an angle of 22.5° with a plane- 
perpendicular to the axis of the pipe. Knowing that a 160-kN axial force P and 
an 800 N < m torque T, each directed as shown, are applied to the pipe, deter¬ 
mine <r and t in directions, respectively, normal and tangential to the weld. 

- 0‘5hn c x ~ j - o~tStn i t- atot&M 

C, “ C» - t = 0'/44 

T - f (c^ 1 - ) - j(o-ts' i - c-m* ) - itq-fK/o-t’t» 


_ p fUtut* 

A " £541X10-*° 


Stresses 
=. - 2*89 MPa 


12*89 MPa 


1‘ooz MPa 


r - Tc, 


( Soo ")( Q‘15'') 
l/Wxto-l 


= t'ooz MPa 




ZS-S-8 MPo. , tty - Pooz MPa 





Choose He tC o\ t’ve fly 

<u? «m<4 moieaie,/ \o -fU« voe$a$. 

TUn ; 61 - <v CUsl J r„ » r. y 

e = 25. «• 


«i ■ 


SiiSL _ SdSd as - 5.v. zb 

2 2 ” 

fciMQ- H e= s 45“- /.«i »;* W 

2 2- 


- 3S-3& Mp a 

- sin 2© +■ fce> S 20 


60“ - 25-4 MPa 


6'fo ¥5° + pocz. co*> 


1-S MPa 


t»~~*fMP« 
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Problem 7.23 



7.23 A 19.5-KN force is applied at point D of the cast-iron post shown. Knowing 
that the post has a diameter of 60 mm, determine the principal stresses and the 
maximum shearing stress at point H. 

. i , ~ J{ZrJO) X + (IXS ) 1 - mm 


l^e5oJ?v<e -flie 1^.5 kN ftx'e.e F ad" D 

% } y, Z £(5^jJon<n‘i"S, 

F x r O 

* 'ff§ (»?•$) “MB kM - — I'S //o 3 fd 

f z - ’~|H 0^5") ~~7.SkN - ~7.S'*IQ % H 

+ke •{W-e* -coopi’c Sjs*fe.m ed 
Ike. poivst ovt kiie tr 

inf f"ke pF*,*? Ctf^fenVi'rv^ eiW'tf'd's 

H <wi K. ,v / 

JL 


Fy>~ - 12,/ to N 


F 2 /= ~7.5“Mo 3 N 


— (7.5“ kWlCSOrPmm - loo mm) - - |-5 « IO % M*ivt 
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Pro b$6 wk 7. 23 c-onj-iri J<i4 I 
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Problem 7.24 


T 

100 mm ^ 



7.24 A 19.5-kN force is applied at point /) of the cast-iron post shown. Knowing 
that the post has a diameter of 60 mm, determine the principal stresses and the 
maximum shearing stress at point K. 
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Problem 7.25 


200 mm 

,150 mmf 

12.1 kN 11 


7.25 The axle of an automobile is acted upon by the forces and couple 
shown. Knowing that the diameter of the solid axle is 30 nun, determine (a) the 
principal planes and principal stresses at point H located on top of the axle, 
(h) the maximum shearing stress at the same point. 
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Problem 7.27 


7.27 For the state of plane stress shown, determine the largest value of a y for which 
the maximum in-plane shearing stress is equal to or less than 75 MPa. 
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Problem 7,28 



7.28 For the state: of plane stress shown, determine (a) the largest value 
of t v , for whid) the maximum in-plane shearing stress is equal to or less than 
84 MPa, (b) the corresponding principal stresses. 
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Problem 7.29 



7.29 For the state of plane stress shown, determine (a) the value of t v for which the 
in-plane shearing stress parallel to the weld is zero, ( b ) the corresponding principal 
stresses. 
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Problem 7.30 


7.30 Determine the range of values of (r x for which the maximum in¬ 
plane shearing stress is equal to or less than 70 MPa. 
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Problem 7.31 


7.31 Solve Probs. 7.5 and 7.9, using Mohr’s circle. 


40 MPa 

35 MPa 


60 M Pa 


7.5 through 7.8 For the given state of stress, determine (a) the principal planes, (6) 
the principal stresses. 

7,9 through 7.12 For the given state of stress, determine (a) the orientation of the 
planes of maximum in-plane shearing stress, ( b ) the corresponding normal stress. 
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Problem 7.32 


732 Solve Probs. 7.6 and 7.10, using Mohr's circle. 



Wi 28 Ml’a 



7.5 through 7.8 For the given state of stress, determine (a) the principal planes, (b) 
the principal stresses. 

7.9 through 7.12 For the given state of stress, determine (a) the orientation of the 
planes of maximum in-plane shearing stress, (A) the corresponding normal stress. 
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Problem 7,33 


!'2 M Pa 

28WI'a 
63Ml*a 


7,33 Solve Prob. 7.13, using Motif’s circle. 

7.9 through 7.12 For the given stale of stress* determine (a) the 
orientation of the planes of maximum in-plane shearing stress, (b) the corre¬ 
sponding normal stress. 
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Problem 7.34 


7.34 Solve Prob. 7.12, using Mohr’s circle. 


7.9 through 7.12 For the given state of stress, determine (a) the orientation of the 
planes of maximum in-plane shearing stress, ( b ) the corresponding normal stress. 
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Problem 7.35 


SO Ml’a 



7.35 Solve Prob. 7.13, using Mohr’s circle. 

7.13 through 7.16 For the given state of stress, determine the normal and shearing 
stresses after the element shown has been rotated through (a) 25° clockwise, ( b ) 10“ 
counterclockwise. 
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Problem 7.36 


80 MPa 


7.36 Solve Prob. 7.14, using Mohr’s circle. 

7.13 through 7,16 For the given state of stress, determine the normal and shearing 
stresses after the element shown has been rotated through (a) 25° clockwise, (b) 10° 
counterclockwise. 
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Problem 7.38 
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ffln 29 e 
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7.38 Solve Prob. 7.16, using Mohr's circle. 

7.13 through 7.16 For the given State of stress, determine the normal 
and shearing stresses after the element shown has been rotated (a) 25° clock¬ 
wise, (b) 10° counterclockwise, 
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Problem 7.39 



7.39 Solve Prob. 7.17, using Mohr’s circle. 

7.17 and 7.18 The grain of a wooden member forms an angle of 15“ 
with the vertical. For the stale of stress shown, determine (a) the in plane shear¬ 
ing stress parallel to the grain, (b) the normal stress perpendicular to the grain. 
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Problem 7.40 


1.5 MPa 



7.40 Solve Prob. 7.18, using Mohr's circle. 

7.17 and 7.18 The grain of a wooden member forms an angle of 15° with the 
vertical. For the state of stress shown, determine (a) the in-plane shearing stress 
parallel to the grain, (b) the normal stress perpendicular to the grain. 


2.5 MPa 


6* r -75 M Pa 

fr _ 


= - 1.5 HP* 
- - 2.0 MPa 


potTcfs ft»tr~ MoV> Ci^cU. 

X: (6^-1^) 

Y : o) 

C- ($+*, ° ■) T (-2,OMP s O> 


q ~ ~ \r . 


Z9 * - 3o° 




CX = O. S' M Pa 


R * o.5 M Pa¬ 


ced r — CX 4 sin So “ ~ R $in 3cP ** -3o° 


(v> e; 


6** - CX'co S 3r>° - - 2,0 - 0.5 cos 30° r 


r? (MPa') 


S (nf4> 


^y= -0.25" HR* 
64 -2.43 HP* 


www.elsolucionario.net 




Problem 7.41 


7.41 Solve Prob. 7.19, using Mohr's circle. 

7.19 Two members of uniform cross section 50 x 80 mm are glued together along 
plane a-a, that forms an angle or 25° with the horizontal. Knowing that the 
allowable stresses for the glued joint are a ~ 800 kPa and r = 600 kPa, determine the 
largest centric load P that can be applied. 
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Problem 7.42 



(60 X/a 
ZStttxto 


Tc*. _ jo'is) 
3 Il*t-9*t0~t’ 


7.42 solve Prob. 7.20, using Mohr's circle. 

7.20 A steel pipe of 300-mtn outer diameter is fabricated from 6-mm- 
thick plate by welding along a helix which forms aft angle of 22.5° with a plane 
perpendicular to the axis of the pipe. Knowing that a 160 kN axial force P and 
an 800 N • m torque T, each directed as shown, are applied to the pipe, deter¬ 
mine a and r in directions, respectively, normal and tangential to the weld. 
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Problem 7.43 


7.43 Solve Prob. 7.21, using Mohr's circle. 



7.21 Two wooden members of 80 x 120-mm uniform rectangular cross section are 
joined by the simple glued scarf splice shown. Knowing that 25° and that 
centric loads of magnitude P = 10 kN are applied to the members as shown, 
determine (a) the in-plane shearing stress parallel to the splice, (b) the normal stress 
perpendicular to the splice. 
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Problem 7.44 


7.44 Solve Prob. 7.22, using Mohr’s circle. 



HO mm 



s* . s >‘ 




1— Is 


7.22 Two wooden members of 80 x 120-mm uniform rectangular cross section are 
joined by the simple glued scarf splice shown. Knowing that fi = 22° and that the 
maximum allowable stresses in the joint are, respectively, 400 kPa in tension 
(perpendicular to the splice) and 600 kPa in shear (parallel to the splice), determine 
the largest centric load P that can be applied. 



- £ 

A >> 


6" v - ° 


tyV ~ O 


?P,HcA Pc.wie . 
X • (V/A 0 o') ^ VI (OjO) 
C: Cp/^A 0 o) 


R = cx 


. _£» 

" 2A 


+ V* 

t -- ^ s;^/S 

A- ^ 

If 5- W kP& - 4oox/o*P^ 

p _ g __ )(<?.£ yjo~ 3 )6*<=>oy/o*) 

l - cos, 2/3 (\ _ <-<>«, 4.4 - ) 

- 37 . 4 x / o 5 a / “ Z7.H UU 


If 77 - GOOkPa.- COOvlcy’P^ 


p - f A77 

Sf'sa 7/S 


7.6x/o-QP 
■s.V 47° 


Tf e J^P €.s i/<s Pof £ ^twey-ri s - 


* l6.S$*lo*U - \c>.S$ kU 

? - /G.5§ irk/ 
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Problem 7.45 



100 mm 


150 mm 


U).5 kN 


125 mm 


7.45 Solve Prob. 7.23, using Mohr's circle. 

7.23 A 19.5-kN force is applied at point D of the cast-iron post shown. Knowing 
that the post has a diameter of 60 mm, determine the principal stresses and the 
maximum shearing stress at point H. 

l oe - -/boo") 1 UusF ' 37J> m.w 
Res o$<Je. -fke 17.5 kN for-ce F p^t'ol D 

tvi-fo o-Kik Z £ cSk-a 

00 mill 

F* - O 

Fj r -fff 0?-V —18 kM ^ -‘i'3x/o 3 N 

\ c r -115; (u. s) - - 7.5few ? - 7.r*/o 3 M 

n 

Dfi.i’e' r ‘t v '** fl ife +ke -fVc-e-coopi*e 

"Vke. pot> a f on "Hte y-ooiiS i V 

infex'see-’f^* i“ke pFu^e* Cem f <u. i\a \ o S 

H *.vi j( K 1 . v t 

1 J 


F z /= -7-iTX^o 3 N 


F*,= Fy- -tS/I^N, F z s~ -7.S*lo 3 N 

M*'" —< (7.5" kW )(^30r3tvi*vi - (OD who'j — 1 

My^ (7.S kN )(/S-0 *^IV\ ^ ~ l. US* lo 3 
Mj'ir "(IS kW^ |S"Oh»m^ = ~2.7*j0 3 NJ*t^i 


frlo-p e*-f i e s of se o-ft o m . ( C»lOcie ) c ~ "j <?! ~ So wim - 3 C> WO v* 

A ss TcF = T(3o)^ - 7.377 H - 2.227H */0*V 4 

X ~ ^ G, 4 - lf(So') i - &" 2 > 6 ,17 * /t> 3 nnrvF ” £3£. I? X /O' 4 A-P 

J - - ICSo) 4 - l.7722S*IO t tAm V ^ /. 2 ?73Sx /0~‘ ha* 

(Se-m'c.Vc^V Q.“§V- §OV = I9*/C>W - /S*/ 0 'V 3 

X - d - GO iv.iv, rr GO X(o“ 3 As 


iH K 



Skkesses <xk H . 

IV 

-»_ X 


_ V _ Mu _ - /*»to*__._ „ (rt-s«la?lC$°*lpJL 

6 ~ A I ' 3T5?7H Wo' " c3g. i?*k>~ 


- £4,370*/o 4 pc. - 64.3 1 !? MPa. 

v o ^ .. 0 , 

£ ' It J ~ l*2773F</o- 4 

“ £&.£££ *lV pc, - 7 G.S 76 MPa 


conPiVtoe^ pVuU, 7. 
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Problem 7.46 


7.46 Solve Prob. 7.24, using Mohr’s circle. 



7.24 A 19.5-kN force is applied at point D of the cast-iron post shown. Knowing 
that the post has a diameter of 60 mm, determine the principal stresses and the 
maximum shearing stress at point K, 

- -/{j&OO') t- f 12 S') — 325 mha 

Res oht. {U R.S kM We F A.+ ^{4 D 

txo'H? Ttj atw 4 Z C Ov* |Don« 4r s. 


r r.^ 

100 rmn A 



o 


O^-S) s-|g jcM - — 1-3 K/O* u 




F - (1^5-) r - 7, 


S"K/o N 


De/kev-mtrJfe. “fke Ae>/Y:-e -coup A s^y s4e.ua *4 

ike. po tkA t O" Hn e K^kcv^e >4 

He pfVue* co*{a. .Wn* eA^e^ti 

H K. 

J X PV 


H K 



F*/- Oj Fy- — IS/lo 3 N } F 2 / ~ - 7*6" x (o 3 M 

M*'~ ^'(7.5' R4) ){ 30£>t*i f », - 100™™)- ^l,S^/0 Z Htv, 
(7,5" kN)(lS'£?^'l r I. US^IO 3 P-w 
M 2 * -(IS kwX )So* m ) = -2.7*io 3 


fro pe^jies of SCcX/cmo . (Ci^h ) c - -$4 ? So ^ * SO x( 0 ^ v* x/ 
A = ire 7 ’ - T( 30 )" 1 - - 7 .S 11 H r 2.3274 *lO~*w? 

X _ y" C.** = (So) - £3£.17 * /o 3 c £36.17 x/0’" , no ¥ 

X - ?C* s icso)* 1 - I. 2732.5-xlo 4 w - L 772ZS-Ylo^y^ 

(SeumctVc.fe'l Q - |-C 3 ~ |X 3 c>)* ~ /S */o % wv? - l 2 *lO~ c ‘rA 

~tl - cl - GO rutvi S’ 60 X^O~ 3 tV) 


Slv-esses a4 K 
t 5* 


s- £ t u. 

AX 2,gS7H^l&- 3 £36*17*10-7 

- - 133.67 *70* •=• - 133.69 MP<? 

r _ + Nkc _ (-7.s'ulo t Kf'9^1o~ t ') . <4/?^*/o 3 )(3o*/o~ 5 ) 

ft 4 ~ (636J7*/o-7)(6o*fo- 3 1.27a3Vx/o-* 

- 3.536« *lo c -* 2&.SZC *(O 6 pc; 

- 30.0 G x lo* Pet - 3 O.C& MPa 


Cooit vivte (2 
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Problem 7.49 


7.49 Solve Prob. 7.27, using Mohr’s circle. 



- CO + m.£ 5j^ZoSMPc^ —• 
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Problem 7.50 


7.50 Solve Prob. 7.28, using Mohr's circle. 

7.28 For the state of plane stress shown, determine (a) the largest value 
of T r( . for which the maximum in-plane shearing stress is equal to or less than 
84 MPa, (b) the corresponding principal stresses. 

The cenfew ©4 fh* tt *it poi'v* t C 

iVi'fK coor-d iViafes ( ~ ° ^ 

~ (1,0^0 ). Tire Audios o'T' 44e is 

Tine s4v^cSS p©t‘mt 

4J>5 li«9 X, X* of 41* 

HoUv' c-< weTe Jf m. Tt* e 
£ (M/2,') ft-x'Vvneivie po*«ts wu'-fK f? & &4-MPq 

ciw.e X, ct*a4 . 

(a') Tl* e -■Pa.y'^e^ 4 a.>£&>v«A<le */txJvfi 
of 'l* :j »s obftu'ned -|v' dMrt 

4coy, 

T yj - y/^Tfe? = 55'- 4 Mpt| — 

(W') pn’wciperf sf^esses <S fc r T + Mfq —A 

6* b ~ T - 64 - -17 Mpq —* 
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Problem 7.51 


7,51 Solve Prob. 7.29, using Mohr’s circle. 



7.29 For the state of plane stress shown, determine (a) the value of for which the 
in-plane shearing stress parallel to the weld is zero, (h) the corresponding principal 
stresses. 


12 M Pa 





(cCl 


(h) 6^ - 6^ + 12 

6; 6^ - R 


7 4- 6-. 77 
7 - £7 77 


fpirn’l' X of t>Ur S CiVc-lf? 

Vv'toa'f $it on X'X" So 
•H4 Gy ~ I 7 MP<^. /_,• J 

pmwl Y 7'ts i’w«. Y'Y"’ 

So -hhut <sy - X- MPoc , T7e 
Coo/Ji c 

, o - (7 mp s o ). 

l7ou*a'|e'^ cjlaoU ivi's-e y'etfcA.f t'on 
tittcoOrj Is ISO 0 lsea'vv^S 

CX "f 0 C3j wliev-e ~ O, 

ft s sec 30 - 

- J3—2: 3 ec 30° 

’ £".77 MP<t 

•Txy * 3o° 

- - 12-3 t o 

- ^ T«-“s 30 

^ a-Z 37 HPcl 


6^ ~ »7.77 MP<t 
61 1-73 MP^ 
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Problem 7.52 


105'MPa 
—**" 56 MPa 



r 

£(* M/l » 



7.52 Solve Prob. 7.30, using Mohr’s circle. 

7.30 Determine the range of values of cr x for which the maximum in¬ 
plane shearing stress is equal to or less than 7Q MPa. 


f~oio 'Hie oVc-fe^ p©tv>t 

Y J?.'es <su+ 

Tfe fff .$»*>».> •ft'in«j 

CnVe-^es fS R * TO 

Lef C, iae Hive -Poe <s.-f > of 

-Peff vmosf 

tiCefe lx? fA«. f~ 

of -He ^osf one. 

qr c to ma ( 

cTY - TO Mpq 

Wofm^ flA* CiUi^JcS 

C,DY **<# QPV 


_C,D Z + Dv" " C,Y Z 


C,D^ + f& a * 1 0 Z 


CD ■= 4-2 MP 4 


(_oor- ct* 

of po I'vtt Cj 

Liit«w<i’5e^ Coot'^ males 0 

n ■> fe 5 

pf pofwt X, 

Ct >0 vt»-f c- 5 , 

of pol-nt 

Tf ? p c> t v\ 4 

( 6^ - 1, ) 

Tlws. 

21 MPq 
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Problem 7.53 


Jo min |- 

II * • !■ I f« i. 

— -.... A-.'. l j 

a. P 

,Jj nun f 

- 125 mm—» 


M V 


S ecj-coiy) pAj^e^f/es. ^ t ~ a, o/Sh j A 

-T r \k( ^oix)(e»oiz'] i - 2^7X(o' ? >^ c - 6'OZlfr 

AF po.nf Hj y ~ °j 

Q_ ~ C. 6 ')(^0>Db\ '"7L ^ ~ 7‘Jfi7 X/fl ^ 

^•f^gSSgS g-£ poi'»^ j_H. 

s- « £.„ My . + o - n-nUfa 

A I 73 Xio" 5 " 

^ - Va _ (^0^7.^7x/e-O 

L IF - («7„^ - * 7/ " A - 

5 ; - / l-11 MPa ) CJ, = 0 4 - - 7-7/ /?/>* 

Matin' £ C.t/"C./g 

X" (//./? 

Y * (<Sy 0 ft*) = (Oj -WM?*) 

C- (6^, O } - C5<£8? MPa O ) IL 

^*Fp* = £-5? S’ 

R= -Jf'ZSs 7 '*- *7f x - ti’ZMPt 


7.53 Knowing that the bracket 4/i has a uniform thickness of 15 mm, 
determine (a) the principal planes and principal stresses at point //, (/;) the 
maximum shearing stress at point //. 

P«S<4tXe Fh«. /zk/1 '!-£>.✓'*.€. F pot-sF A .haFo 

r )L A*<1 ^ov\ 

Fjt ~ “ Fc»s So ~ — (/2)co& So° t~ —/O’3‘l k.M 
* Fs.w 30 “ * 02 ) s* •% 30° tr & kN 

AF Fk« see-Fton coivhstiVn ritj pot" <4’$ F| ev*id 

P ~ “ F x " A a/ j V= - 6 £a/ 

M - {o-/zr s )(£>00o') ~ 7So M& 

"t ~ oip/X.Aij A ~C 0<aiS~y 0<o^z) - tyM/o tn 3 - 



T 

3/mtv 

Jc 


M K /£>»*» 


II-17 MPa 


#7/ MPa 



6*, Mftt 


f«n g.fgg ~ l''I$8£> 2& 

(a) 6w" 61^+R- - * "-z 

FF-.j ^ “7 *” R -5 / P33" — 11*7 

tie) r p - IkZ MM 


2&f- $>OXf ^ 6> p - 3o" ^ 


6^= /6'8MPa cdt 30-0*** 

6^. n ■= - S'l, Mp a 4 6om*> ^ 
/ TA^. * iPi MPa 
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Problem 7.54 7J4 Solve Prob. 7.53, considering point K. 

7.53 Knowing that the bracket AB has a uniform thickness of 15 mm, 
determine (n) the principal planes and principal stresses at point //, ( b) the 
maximum shearing stress at point //. 

is in in | "floe. 12 ku •FWv.e. f- ajt poi-vt" b- 

jff * ~<A 'I? |~" [ %, y 

Sd [ 62 mm 

^1 \ ..... I f-.. “ ■» T —■ (!2 i r \G° T 10-24 P.OJ 


V -r- ,|„. I — - p C os 3 0° r - (/2)co& 3e>® ~ - 10-27 kN 

k -125 mm-1 31 p = fT SlV% 30 “ = Ol 30" ~ (o kN 

fa\ -Bee secfioH Cim-fWniVi^ points H ^ 

F ~ ~ Fy - 10-37 pN y V - fj - 6 kw 

R\ =■ (0-ter} (£>06 } - 7So ntn 

Sec-'fc'ov) p^/pe- / "j~ i - 61 o/Xho j A ~te<oir')^ 0 'e 6 z) - 93X(o t» 

T- \k( O'0ir)(e>ot, zY ~ z^Xfo'U 1 ' _> C - 6>03tt* 

A+ poi'*4 K J y r OIO/0M ts Min' 
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g.4 pot'^i K . 


i 

/f— /5 mm 

24‘$hii» fStnfn 


^ _ P Mv '439c C ISo Yokin') 
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. i££aX±IZZ£ iH r 

&.* -al-UMPa St = 0 Hfa 


J u 


iShom 



■2k (,S Mfia 


X' (jS^-'2'^)- (- Md?* WA j W4? 4 
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C : (C*, o ) ' (-J7-Afr W^O) 

=■ - n. 14 MPa 

R - {(b43 Y* - /8*3/ Wte 




“ 0 - 375 / 20 -I 


<n) 6^-6^-h? = -nr-/* + Mu 
tb} ~ 6U - £ = -n-m ~ mu 
ti*® s - /»■*/ mm 





6L 


6^^=- /*/7W4 A-f 7^-7'“ "i 
6L-* * - 35. 45 A?/°« d la<b°3 


%«** - M-3 MPa 
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Problem 7.56 


7.55 through 7.58 Determine the principal planes and the principal stress 
for the state of plane stress resulting from the superposition of the two states 
of stress shown. 



Kesj-t? ( stresses 

6 * - + s<0 - IM?* 

= -*<*+ ns * ** ^ 

? * 4 o - 04 MPa j 




*- Si Mfl, 

*-«,<**> 




6-. 


i (<s; + 6^ ^ - 77 
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Problem 7.57 


7.55 through 7.58 Determine the principal planes and the principal stresses for 
the state of plane stress resulting from the superposition of the two states of stress 
shown. 



Expr-ess o'? S-fveSS in 4e‘ f '«n5 o'? co^p or>e^‘fs 

o •fke e-Pe f" sViOHJ rv e.4 "t4e 



B ? - O 1o" 0 
= 6r 0 
* - 6"„ 


-*9 
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Problem 7.58 


7.55 through 7.58 Determine the principal planes and the principal stresses for 
the state of plane stress resulting from the superposition of the two states of stress 
shown. 



ETvfpr'eSS ,cX\ S _ }"<v"l"e erf" iv> "Vtirtos S, o-f 1 1»VS ewcf"S 

cuyVttoej on H»€ tJev^e*^ s l^own eji -K-e rNj kfc 




Q p = O c JO p t) 

€w “ I-73X 6~ a 

6,^“-I'm 
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Problem 7.59 


7.59 For the element shown, determine the range of values of for which the 
maximum tensile stress is equal to or less than 60 MPa. 


120 MPa 



PR 




- , 

JtSm 











20 Ml’; 


{T„ ~ ~-'XO H Pet Sy - - \ZO MPa 

(w * * ”7o M-Pa 

Se| 6^ =• SO MPa 6^ + R 
R. - 6R* — 6^e. - IBo MPa 


B4, ft - 1 /(% St ) i + 

= » ij J 30 1 - MPa 




- I2o MPa ^ r 3 i 1^0 MPa 


Problem 7.60 


7.69 For the element shown, determine the range of values of for which the 
maximum in-plane shearing stress is equal to or less than 150 MPa. 


120 M Pa 


^■pv- 

, 


• 




PR 


20 M Pa 


6; - - 2o MPa <5 * - no MPa. 
i OS, - ) - So M Pa 

Se* R - IS-O MPa 


8 <4 R - 

It^l’ /ft* T^^V* ^ V 150* - So 4 - = HI. 4 MPa 
4 


l?aoqe o~r 'Twj : 


MI.H MPa « '&j € HI. 9 MPa 
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Problem 7.61 


7.61 For the slate of stress shown, determine the range of values of 8 
for which the normal stress ay is equal to or less Ilian 140 MPa. 
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©« - 132.02' 

PeeivyiSSt ie t^Aeifle of 0 it 


©M ^ e * e. 
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Problem 7.62 


7.62 For the slate of sh ess shown, determine the range of values of 0 
for which the normal stress try is equal to or less than 140 MPa. 


126 MPa 



X I Ml’.t 
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Mohr's circle. From ike Cri v'e 
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Problem 7.63 



7.63 For the state of stress shown it is known that the normal and shear¬ 
ing stresses are directed as shown and that o- x ~ 98 MPa, tr y — 63 MPa, and 
tr aiiii — 35 MPa. Determine (a) the orientation of the principal planes, ( b ) the 
principal stress <r maxi (c) the maximum in-plane shearing stress. 


(T* - { (<s>% V eosMr * f 

6~,„ - 6U - * 


R = & a *. - 

= 8<)■£ - ?£T~ A-B-StAfci 


r - Vc^i4 v 

* i-/ = ±J+e*G % - »7.r‘ => Jr 4* «A 

Bof i4 >s <sjir/e»A "Hi «4 cs po^/4».v'e ^ 4l»>>s 'tvj =■ 4 4^ Xd/ij 



(a) +«•* ~ 6V - ^ 

_ (gX6) _ 


20 f » C7.3g° 

33.C?- 
©t ^ 123. 

(b> 6^ - <S** + 9 

- izimfy 

(c> i - R 

- 44'S M/>« 


2.4 
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Problem 7.64 


7.64 The Mohr’s circle shown corresponds to the state of stress given in Fig. 7.5 a and b, 
Noting that a,-~ OC + (CX) cos {70,, - 20 ) and that t,y = (CX) sin (2() r ~ 20), derive the 



- OC 4- CX cos co$%£> + CX s '“o “Z&p stvt2© 

- cos Z& 4 Zy S(V. 2& 


£y " 


y - cx'Si~(20f,- Ze) - CX' ( siri Z&f COS - COS 2&P 

- CX Cos 3,© - CX Cos s ( Vi 2.Q 

- r*, cos s.v, *© 
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Problem 7.65 


7.65 (a) Prove that the expression a,-a y - ~ t,yh where a x -, ay, and t x y-ate components of 
the stress along the rectangular axes x 'and y’, is independent of the orientation of these 
axes. Also, show that the given expression represents the square of the tangent drawn 
from the origin of the coordinates to Mohr's circle, (b) Using the invariance property 
established in part a, express the shearing stress r iy in terms of <7,, fly, and the principal 
stresses a Kax and a m 




(a) Oiao S C lYt Aj 

Trf/y' - R 5 

^ "f* CoS ZQ f 

Gy' ~ 6”x“ R CoS 2 Cj^p 

^•6y- A,' 

- 6lve - R* 2&f - & Sin* 2Qp 

~ 61 ** - R * i cpenJ(?*t 

Draw*' nne IVt>m ov^t'^tvt 

+o tlie ctv'rie <xi Ti/n‘a .r\CjJt OC J<^ 

VS a- +K«.w}A, 

<5c z - ok 1 + 

OK 1 * oe* - ck" 

=- 

~ Gv' Gy' ~ Tl'yr 


a.lao^e fo 

6xj J 


Air 

- 

6^<5 fe - 

tu" 

- 




J 

SI 

* ^5"**f*i 

■ r.; - 

61, 6'_,„ 














Cttruflo - / 

ale lertwine 

r/ -f 

iA> ^ 

atiov/e * 


fo (Sis;, 
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Problem 7.66 


7.66 For the state of plane stress shown, determine the maximum shearing 
stress when (a) o x « 0 and a y = 60 MPa, (b) <*,= 105 MPa and o y -4$ MPa.. 
!/| {Hint: Consider both in-plane and out-ot-plane shearing stresses.) 



'£•>«*• ~ \ (61^. ~ 6"~;„ ) “ SO MPa -**5 



- CZ.S MPa —» 
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Problem 7.67 


7.67 For the state of plane stress shown, determine the maximum shearing 
st ress when (a) a x * 30 MPa and o y = 90 MPa, (b) a x ~ 70 MPa and a f = 10 
MPa.. ( Hint. Consider both in-plane and out-of-plane shearing stresses.) 



(W> 6; ~ 10 MPa. 61 = IP MPa. r - Ho P! Pa 

J ^ CMP*-) 


i (6"* + l lO MPa 

r - 

= 73^ r +~4o r - 5"p Hpa. 
6^ ~ 6;^ 4 'R - TP HP* 
6U- 8 -- -/P MPa, 

61 * o 

- To MP«c 

6*h -- -IP Mp* 

4<<s^-6lO ? 
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Problem 7.68 7 - 6S For ,!ie stale of stress shown, determine the maximum shearing stress when («) 

o y — 40 MPa, (b) (t v = 120 MPa. (Hint: Consider both in-plane and out-of-plane 
shearing stresses.) 



) ~ a (61.- 61 * R - MP<t 

61.-*) - * ?y.3‘ mp*. 


(fc> 6* - 140 MPa J <5^ ~ 120 MPa j U, 
6^ * i (<?*+%) - \lO MPa 

R " 0? f * v 

= tTTonT^o * 7 - so.ex MPa 

6*'“§U+T?- 110,62 Mp* U) 
6l*<SU-fc* 47.38 MP«, 

61 “ 0 i’ki I 

- 61 ~ Xio.67 MPa 

- 61 ~ ^ 

^ MPa 

^ C-„V I OS. 3 pi Pa. 


go HP^ 



-/oS.SMPa. -« 
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Problem 7.69 


7.69 For the state of stress shown, determine the maximum shearing stress when (a) 
a y - 20 MPa, (6) tr y ~ 140 MPa. (Hint: Consider both in-plane and out-of-plane 
shearing stresses.) 


M SO MPa 



ta) 60 - 140 MPa, 6; - J?C> MPa 


Txj «• SO MPa 


140 M Pa 




f 


61 * - i ( 6 * 4 - 6 ^) 

- 8o mPg 

r^z} 


- CO 4 Scf ~ loo MPa 

6L (Slvr *♦ 1? - 8& i /oo * WP** 

6;- 6;« -r - $o - too ? ~ mp* £"■'*•^ 

61 s o 

?U*c:»,/~o * i(G+.-$ih HP* 

6"-,*.) *■ /OO 

(b'l 6;^ /4o HPa j <%- Ho Mpc, 

't'y ~ So MPa 

61* - ^ (<51 + 6J, ) - 140 MPa 


R- VC 




r o + 80 ’- * So MPa 



V} Cmp*.) 


A._£ 

<Mfb) 


loO MPtx. 


A j 6 

m«v\ 

// 


61 - 61* + R ' MPa Cm**) 

6 b - - R r MPa 

61 r o 

e;) - so MPa 

£L~ * K<w-C*V no MPa 


® Ho MPa 
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Problem 7.70 


7.70 and 7.71 For the state of stress shown, determine the maximum shearing stress 
when (a) <r t = + 24 MPa, (b) ~ 24 MPa, (c) a z = 0. 



^ Mp«. 

R ” < 

r -f + C-sO* =• 3=? 

6^- 61,. + S? * 34 M Pa 

<s;- 6^-fc-- G HP* 


30 MR*. ^ 6} - Go 5 Z»j ~ - 



(P~) 6; - + 24 M pa 
34 M Pet, 

&o - -m nr\ 
6 ^- 24MP«. 
(c^ 6 ; = 0 

6^,**. - 34MP V 


6^ - 84 HPee 

e^ ln ^ & vp* 

6^ s 84 MR*. 

6 L-«= 

6L - 34 Mpev 

6*«;„ " ° 


<S" W = 6 HP< 

4^-- 34 Ml\ -6 

6; - c mp« 

- S4HPA. -* 

6" fc = 6 MPft 

r_-~ i } - 4 2 mp*. 
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Problem 7.71 


7,70 and 7.71 For the state of stress shown, determine the maximum shearing stress 


when (a) a z ~ + 24 MPa, (6) a z = - 24 MPa, (c) a, - 0, 


12 MPa 


€T y - 42 mPg,^ 



6Ur + Mftt 

C/S) i +” 6 - 36 ' 1 i = 3 ^ MPn £.? 

6^ - 6^ 4-1? r GG MP<t 
6 ; = - R * - UMRfc 


ta) 

<v- 

+ 2M M Pc, 


GG MPc. 



- GG PIP* 

Gw„ ; 

- -ttMP* 

&) 

^2~ 

-24 M P* 

S’* =• 

££» MP*. 



= GG M Pev 


*-2.4 MP* 

CO 

§z_J 

- Q 


MP* 



- £6 Mp<^ 


’ - 12 HP*, 


6^ - 12. MP^ ^ a - SC KtP* 

ri) Cmpo 



61= -R MBs 

3*? MPa. -* 

<S- b * -U Mp* 

e; = hp« 
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Problem 7.72 



84 Ml>a Hf 


- 6. !7hS MPa 


%)Tj^ =rSl VjPtf 


SbMPa 


% * 


$4 MPa 


7.72 and 7.73 For the slate of stress shown, determine the maximum 
shearing stress when (a) r p = 122.5 MPa, ( h ) r y . = 56 MPa, (c) r >t = 0 . 




I* ^ 


V~-7dMP4 


n?-5MPa 


rr 4-z + 1a s /(2 
0~£ »-fz - 70 z-zg 


>-4FI 


BPMPu 


R T {{■42-'f +(/s» 2 -r" y - 

= /7/'5" 

r4i- (Z7 -Sr jt ~ 97- Sr 
6w n - ^0 - ~ 27-S HP a 

r £****t ~ ^ (^m«wc “ Sw.Vi *) 



to-5” R^tz^-r 



m-swa 


6 : = //z^d 


J)^ r O 
-<)*— 


R,= -7 


P4 MP 4 


S'*,**- ^3, - £4 MP* 


&W M - 6 ^ a - 7a MPa 



Of MPa) 


r S'* » —7a Af/ta 


TL** - 'Pi Mpc\ 


Ti^. » 77 fa Pa. 
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7.74 For the state of plane stress shown, determine the value of for which the 
maximum shearing stress is (a) 60 MPa, ( b ) 78 MPa. 

S*- loo hPa.^ Gy - HO H|\ ; 6; S 0 

Cwt ~ ^ +- 6^ ") = 70 HPe*. 

((5-') - (qO MPa . 

J-”f G z I S Gvdn J { Kev% — Svv\.'n 4" 2 ^ 

<X^- OF t2U6P) - Uo HPn 

- er^ 4 & 

R = 6™** — <$!** » 1*0- lo -z go HP^ 






“ RR, ~ 

MPdc > 0 



R 

- 

+ V = fiTT^ 

- i'o H 



X 

- -j&O* - SO^ 

w 

L tf " 

¥o H Pet, 

T = 

73 

hPe. 





XT <X 2 

IS 

j 

Hen - 

GX.tn 4 R ~ 

£ 4 ftK78l -/SSMfiu 


FT ~ R 

+ R 





R 

* 

- 6;., - isg 

-70 - MPa 

> T' 

- 72 HP* 

Set 

R 


- 72 MPa. 

GR/vt GX* 

- t? - - 

g mP*. < o 


R ^ 

-v^ 

y * V - 

-/ 3><7 4 




% - -/ V^ 1 3o r 7? MP<i -* 
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Problem 7.74 


y 
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V,o* tL* ~ 84 


C,e*4ar oF Mohr's JV es o/f j7®i*if C. m R “ ^ a 4' MPc\ 

= ±J~R X - o*‘ “ ± IP-IMP* — 

CU&lc^ 6^* 7J.lT + F4 = 6T fc - 7^5 -£4 " - io>5MP« 

<£. = ° 

r^-KC,'£*) -- 94/w^ ^* 
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Problem 7.76 


7.76 For the .stale of stress shown, determine two values of <r y for which 
the maximum shearing stress is 52.5 MPa. 



< 3 ; = lo m Pa , ' 4 -7 M Pc\ > M ft, 


x ~ 1 ” m-, ‘vj 

ia 


6} -- + 6; 


6a 


E ($, + 6> ) r 6T X V U 


R * /u : 


+ r„ v 


u = 


^/r*- 


Mft jj u ~ ± :il-% Hfrt 

Oft.') O - -V 5/-6 M/^ (Sj 5 20 + S'* = li’i^Pq 

- iC4v+^t ) =• i<*b$ Mpttj 61- 61«.+ R - *-’~4 MP4 i 6“ fa * 61^ - R * 

^ - f M 4V, 4 61.„ = O- i (<w- e-O - 7 7 M h, * &' ff «fi* 

(lt> ) U - — 5 M Pc\ £>,. ~ + 6V - 1 N 

v' 

fw - ?(6 x +6 ? )r .^-.c 61* 61^+R - c u wm j s;-= 6U.-R r - 


61^- 4/MPo J S‘«,A - - ^ = .4'2>S Mp t j 


C«.se 2 Assume €w n ~ O 


<5, 






f C £ M P*\ * <51 


-To 


6,+ u + -/IT 5 - +r»~ 


»* 4 . •». 

4* #*K*y 


6^. G_ + R 
61 - S'* - u t 
(61-S’, - u ) 2 -- u l + 7^" 
{S^-KT - 2(^-^)o + 


+ V 


2u 

_ (61-6* V- 


(/*£' -1o) 

l - fi* 


/Sr Ai/’t Cj 

GL- 6* 


/tfi - :- To 


u - 

- 7.1 Mpq 


<S T 

20 + 

<s» < 

= S^-LMfci 

GU 

= i(<5T.f6V ) * 

& £■* b MPci 

R * 

/tFT 

V 

1 4Z'lMrci 

61 = 

(w«. +R - ic$ 


Cp - 

si* - 

R - 

A^/Vf 


- i<s sr At Pa > 61. 

~ “ O 

- 



ft-'*" 
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Problem 7.77 


7.77 For the state of stress shown, determine two values of a f for which the 
maximum shearing stress is 75 MPa, 



= -70 HPa., Ttj ' 4 O MPa 

iJt 0 - 6 j = + 6* 

6k^ 6>U 


11-f u~+ V 


0 - ±- 


--- rfc 63.44 MPa 


Ce-.se. (I ) *■ R * 75 HP^t , 0 = i-/ 7S*- - 4o* - i 63.44 MPa 

()ol> U - 4 63.44 MPa 6^ = 5o l <s; = 56..** Hp<a. 

6U -6.56 MPa 

r 6^+R - 68.44 MPa ; Cb * 6^-R' -81 MPa 

^ = O <S^ - 68M4 MPa - - S/~<T6MPa X~~> *1S MPa 

(fb) u = - 63.44 MPa €>} - 20 + &* - I 1&.88 MP*. 0*je4l 

61ve = i(<5; + 6})- - 133.44 MPa €T«> 6;~+ R = -3-8.44 MPa 

Gj* - G^-P * -208.44 MP«. 3 6^*0 > * O 

gr^* -2^8.44 HP^ ; (SW-r^)r 104.22 Mp^4t7SHp„ 

= 56.4 MPa - 

Case (2. 1 Assume 6w^ - O ^ 2l~*. " a Cw*''! - 7S Hp«, 

- - i^o MPa = ^ 

6. = 6.., - R = O.. u - -/“* + V 

fiF+Xj = -6x+ U - Cb 

r r,; (Hgilc (ij£ * H60 MPa 

/u fv„ - 61 -70+IS0 llc,v MrA 


^ 

2U sr 


A ^ 

6i« ~ O b 

U = ~ 3 a M Pa. 

R - V L3 I T~V r » 


=• Xu + <$; * - 130 MPa 


50 MPa 


= 6 "b + ZR. = -/SO + IOO - - 5 £> MP« 


6j~ - iso.u MPa 
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Problem 7.78 


7.78 For the state of stress shown, determine the range of values of x„ for which the 
maximum shearing stress is equal to or less than 90 MPa. 




a„ = .150 MPa 


8& 

00 MPa 


S* x - MP« ? 6* 2 as 0 3 Gj - /iTO Mfft 

Poi/ 5 ciV'cA o'? stresses in ZX-pJmVj 

6w - ^(G* + 6^ r ^ MPa 


U - 


A^sot^e 6* mm< - 6y = l,£b MPa. 

6ur„ - 6^, * - XX.wiu+t 

~ \5o - r -30 MPa 

R = 6U - 6i 

- ff-S - (- 30 ) * IS MPa 

s* = + t? 

- 4£* + 7-5 - 120 MPa < <S> 

OM 

R - /u 1 + r« r 

-- i 

= ^flS 1 -H£ L ~ ±60 HPa 
- £o MPa rU < eo MPa 


i v - j * < 

<5x- s; 


45* 


'T* 1 ( MP<Ol 
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Problem 7.79 


7.79 For the state of stress shown, determine two values of a y for which the 
maximum shearing stress is 64 MPa. 



'2 MPa 


48 MPa 


61 - 61* + 9 -- <?£ MP*. 


64 - 12 M?c GT, = 0 r«= 43 MP* 

Mokr's iv. ZX-pJct**. 

GT Ayt * {($<*& ") - 3€ MPfi 

R. r * /iFT - gtf MPsw 

61 = 6U K - - Z4 HP* 


Ass utr\Q 6 m ^, ■ 61 ~ ^tfi MPa 
6^ * 61, 0 “ 61 B<y — 2 


tl (mP<0 


A S5t>i 


= IS - (2)fe<^ - - 32 MP*- 
-e 6-,.- - 6t ~~ -24MP*. 


6y - 61.* * 61* + 2 21.* 

= - 2 * + 10 4 MP<h 



Proprietary Material. © 2009 The McGraw-Hill Companies, Inc. All rights reserved. No part of this Manual may be displayed, reproduced, or 
distributed in any form or by any means, without the prior written permission of Ore publisher, or used beyond the limited distribution to teachers 
and educators permitted by McGraw-Hii! for their individual course preparation. A student using this manual is using it without permission. 


www.elsolucionario.net 




Problem 7.80 


*7.80 For the state of stress of Prob. 7.69, determine (a) the value of <j f for which the 
maximum shearing stress is as smail as possible, (A) the corresponding value of the 
shearing stress. 



Tliev^ * s tvo'd i’fviy if U ~ O ^ 

Sy ' - 2o =■ 6^ - Ho MPa ^ * &*■- u * No MPa 

R ~ I'Kyt ~ $6 MPa 

€1^ + R. * \40 + go - £2.0 MPa 

6**,- 6 a ~-R - Ho - So * so MPa 

6L* = MRs_ ^ * o, tL* * 0*//p 


Ass 

Ulwyift'on ft 

in Core-d*^.. 

A SSU*n€ 

= Co. 

- 6"^*. +• R 


<SN, * o 



gtS~, r _ j 

Jo 

4- "»■■'■.. .. 


Vu x + zf 

Op"f 

,V*^ue -pof* 

U occurs w I 


+ o 


(No 




R ^) - f? ov <5^. - R or S* - o - yo* 7* 'Kj'' - 

(6**- of - 6** 1 - 2o6* - ^r% 

£o - ~ ^ S- 7Y.3 MPa 0-~ 47. m MPa. 

O* I to 

6j - HS.lWPc^- 

1 - - 9?.*? MBs. TU* 


6^ S St - * NO - m.z 


R — Vu l t- YU 
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7-81 The state of plane stress shown occurs in a machine component made of a steel with 
< 7 j- = 325 MPa. Using the maximum-distortion-energy criterion, determine whether yield 
will occur when (a) a a ~ 200 MPa, (b) er a = 240 MPa, (c) o () - 280 MPa. If yield does not 
occur, determine the corresponding factor of safety. 


6U - -6. R = loo 

<S^ - -100 MPa. 

S'*. r 6U-+ 1? ' - MPec , 6b -- - -R s -300 HP*. 

' 264.56 MPec < 325 MP*. (blctyiefoU^) 

FS - -#Kr uaa*8 -« 

(bl 5» - gMP MPa 6U * -24o MPol 

SL - 140 hP^v, , * 6L. - *R - -3^0 Mpe, 

+ 6V - 6*Sb~ - w,?7 MPn < 3ZS Mpc. (No yieJJ;**} ) 

p S " . f.S.-Lo^S -* 

(cl 6^ ^go MPa- <w ■» -^80 Mp* 

6"*. - + R - - ISO MP<a. 6L ' - 1* * - 380 Mfl* 

V ^ + <S^ - 6; S'b * 329.29 Mp* > 3*5 MPa (YTeAUj occurs) 


Problem 7.81 

i ff <> 


100 MPa 



Col) S p - 200 MPa. 
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Problem 7.82 


7.82 Solve Prob. 7.81, using the maximum-shearing-stress criterion. 


7.81 The state of plane stress shown occurs in a machine component made of a steel 
with ay ~ 325 MPa. Using the maximum-distortion-energy criterion, determine 
whether yield will occur when (a) fx 0 = 200 MPa, (6) Oo ~ 240 MPa, (c) er 0 ~ 280 
MPa. If yield does occur, determine the corresponding factor of safety. 

Gwt .* - < 5 ^ ”R * ~ 160 MPa. 

CcO S 0 ~ 200 M Pa , - - 2oo M Pa. 

~ + P - - loo MPc 61 •* - R • - 3oo MPa. 

- O , S'-.', * - 300 MPa 

- tw, - = 360 MPa. ** £2.5 M Pa. (Nv yieJelOj ) 

r Hf F.%~ i.osa 

(b) G p - MPa , 6^ S ~ZHO MPa 

+ R ~ - Ho mP* ^ - 61^ -f? - -3¥o MR*. 

O j S'—-, « ~3Ho MPa. 

Zt'-*'* * 3Vo MPa. > 32 S'MPc OCC AV'S ^ 

(O') 6; - 2So MPa , s;^ = -Z8o MPa 

Cw + R ' - ISO M Pa ^ G b - §U - K - - 380 MPa 

- o ) <5T^ = - 3£o MPa 

^ Ltt^yc - — 6'—., ~ 38o MPa 3?S MPa, occurs ) 
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Problem 7.83 



7.83 The state of plane stress shown occurs in a machine component- 
made of a steel with o> ■— 210 MPa. Using the maxi mu m-distort ion-energy 
criterion, determine whether yield occurs when («) 42 MPa, (fe) — 

84 MPa, (e) t iv = 98 MPa. If yield does not occur, determine the conespon- 
ding factor of safety. 


s* r 0,2 i wai - WMA e; * o 

Foe sKcsst s i‘n X^~ pJaw 6"ove " i Gf,. t I r /,3 4 M Aj 


s 35" MA* 


fen r*y - 5 MA? R - 7 (^ 77 ^ - /u5 ) r + ^- 7 ?- = 54-7 A?As 


$ 1 * <w-*r 


*• 7*7 6fe - ~ R - 7**3 *»A* 


/6U3> 


/ <6 - - &«; 
F. S. r 

(b'l ?*., - 24 Mfy 

61 


* <SL 


'/ 61 t 

F.S. - 

(C l - 22 MPq 

61 - *- R 
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Problem 7.84 


7.84 Solve Prob. 7.83, using the maximum-shearing-stress criterion. 


7.83 The state of plane stress shown occurs in a machine component 
made of a steel with rx,- 210 MPa. Using the maximum-distottion-energy 
tttsMP.i criterion, determine whether yield occurs when (a) r xy -■ 42 MPa, (b) T. y - 

84 MPa, (<:} r Vl . 98 MPa. If yield does not occur, determine (he eorrespon- 
r w ding factor of safety. 
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Problem 7.85 



7.85 The 44-mm-diameter shaft Ati is made of a grade of steel for which 
the yield strength is a r - 250 MPa. Using the maximum-shearing-stress cri¬ 
terion, determine the magnitude of the force P for which yield occurs when 
T — 1500 Nm. 
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Problem 7.86 


7.86 Solve Prob. 7.87, using the maximum-distortion-energy criterion. 


a 



7.85 The 44-mm-diameter shaft AB is made of a grade of steel for which 
the yield strength is <r Y = 250 MPa. Using the maximum-shearing-stress cri¬ 
terion, detennine the magnitude of the force P for which yield occurs when 
T = 1500 Nm. 

Leri" ■Hi*. 96-ocxftS JPid 4-Ke *>inad4~ cvVi’S. 


% ~ °/ 


S' * £ r r j£ 
A 3 % vT 


Secft pvopffl'ftes: C* -i-r^ - o>oJ2*y 


A * TTC 2 "- vCo'rtzf* lS 2 '*S*tl r J"- Ic 4 ' -“(o.o 2 z) 4 r to 


~ & - = 81-62 MPa, 


Holoio S Circle 


’ «Vt 3c 


- ite + s.) = i6i 




§k 4 , r" 

H L *J 


= 6^+ f? 


6L - £w -1? 


O tS-fpr-} toia e-t^et^i^v/ c^r‘4e^ioto 


S2 + C - Gl 61 = 6y 

Rf * Cs^-ssf - (6^+R')Ceu-e') = Sr' 

+ 3R 7- - S'y’ 

(%) Z + 3[f-\ rj] - 6^+ 3f^ - 6V 1, 

e; - 


C* * -/ (Tso ^ - ( 3 'iC B 1 68 MPa 

p - G*/4 “ 0 £ ?5-2<?x/e*')£li«-o5XftFl 


P* ^7*? tk/7 


Proprietary Material. ® 2009 The McGraw-Hill Companies, Inc. All rights reserved. No part of this Manual may be displayed, reproduced, or 
distributed in any form or by any means, without the prior written permission of the publisher, or used beyond the limited distribution to teachers 
and educators permitted by McGraw-Hill for their individual course preparation. A student using this manual is using it without permission. 


www.elsolucionario.net 




Problem 7.87 


7.87 The 36-mm-diameter shaft is made of a grade of steel with a 250-MPa tensile 
yield stress. Using the maximum-shearing-stress criterion, determine the magnitude 
of the torque T for which yield occurs when P = 200 kN. 


P - %0O IchJ " 2.00 xIO 2 N C-fd- 18 = 13 */o S m 
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Problem 7.88 


7.88 Solve Prob. 7.87 using the maximum-distortion-energy criterion. 



7.87 The 36-mm-diameter shaft is made of a grade of steel with a 250-MPa tensile 
yield stress. Using the maximum-shearing-stress criterion, determine the magnitude 
of the torque T for which yield occurs when P = 200 kN. 
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Problem 7.89 


ft'i M Pa 


. I-I M t’a 



7.89 and 7.90 1 he state of plane stress shown is expected to occur in 

an aluminum casting, Knowing that for the aluminum alloy used ir ln - ~ 70 
MPa and <r tH . - 210 MPa and using Mohr's criterion, determine whether rup¬ 
ture of the component will occur. 
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Problem 7.90 


7.89 and 7.90 The stale of plane stress shown is expected to occur in 
ail aluminum casting. Knowing that for the aluminum alloy used u f , T — 70 
MPa and <r vc **. 210 MPa arid using Mohr 's criterion, determine whether rup¬ 
ture of the component will occur. 
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Problem 7.91 


7.91 and 7.92 The state of plane stress shown is expected in an aluminum easting. 
Knowing that for the aluminum alloy used n U r ~ 80 MPa and true ~ 200 MPa and 
using Mohr’s criterion, determine whether rupture of the casting will occur. 
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Problem 7.92 


7.91 and 7.92 The state of plane stress shown is expected in an aluminum casting. 
Knowing that for the aluminum alloy used n ur - 80 MPa and aye ~ 200 MPa and 
using Mohr's criterion, determine whether rupture of the casting will occur. 
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Problem 7.93 


7.93 The State of plane stress shown will occur at a critical point in mi 
aluminum casting that is made of an alloy for which ir lfl - 70 MPa and 

<r U (. ~ 170 MPa. Using Mohr’s criterion, determine the shearing stress r 0 for 
which failure should be expected. 
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Problem 7.94 7.94 The state of plane stress shown will occur at a critical point in a pipe made of an 

aluminum alloy for which % = 75 MPa and a vc =150 MPa. Using Mohr’s 
criterion, determine the shearing stress r 0 for which failure should be expected. 
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Problem 7.95 


7.95 The case-aluminum rod shown is made of an alloy for which am = 70 MPa and 
cue ~ 175 MPa. Knowing that the magnitude T of the applied torques is slowly 
increased and using Mohr’s criterion, determine the shearing stress ro that should be 
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Problem 7.96 



A' 


7.96 The cast-aluminum rod shown is made of an alloy for which a or = 60 MPa and 
a tic ~ 120 MPa. Using Mohr's criterion, determine the magnitude of the torque T for 
which failure should be expected. 


P - 26 x jo 5 N 


A « TT (so.) 1 - 86+.ZS • *,*,*• - SoH-.ZS 


. * 
x/O h* 


^ ~A = wOm*' ' 33.3OTWo‘ft. 

- 'S?.32S HPa. 


$1* * £(32.323 4 o) = 16-/6*# MP^ 


Sl^S. 

A 


(32.aa?-o') r 16.161 MR* 


61= S*„ € + R = /6./61 + R I6.J6Y--R Plp^ 

_ )r . i ^ „ , 6; (Mp fc 

xfies rn The 4--H-) 

o\ ihe “I tj ^ v i*.J? r« « f i-s ._I_J._6k 

(miV) 


61 _ „ . 

Got 6 ue . ~ 

16. /<?*■/ 4 2 _ - R 

£e> l Jo 


(i =■ I" 


. i&JOf 
&r> + |2o 


R - 34.61* MP* 


+ 


/r*- 


/3f.£ll l “ 16. /Cl^ 


3O.&0& HP* 


~ 3<X £06 */t>* Ret 


R*c -po^sio^ tic,, ~ - ~2_ 

2 7TC a 

T“ — 5 r ” ^ -O' _ I T/rf v/r->“3 \V<2^s , 


wAeV*. c = ■£c’f- /£ ^"4 * 16 *fo tv% 


T- Je 5 ^ ' f Q(>*lo~ 3 )(3o.606«tO & ) 


T~ 196.9 A/-m- 


Proprietary Material. © 2009 The McGraw-Hill Companies, Inc. All rights reserved. No part of this Manual maybe displayed, reproduced, or 
distributed in any form or by any means, without the prior written permission of the publisher, or used beyond the limited distribution to teachers 
and educators permitted by McGraw-Hill for their individual course preparation. A student using this manual is using it without permission. 


www.elsolucionario.net 



Problem 7,97 



7.97 A machine component is made of a grade of cast iron for which 
<r trr = 56 MPa and <r uc = 140 MPa. For each of the states of stress shown, 
and using Mohr’s criterion, determine the normal stress <r 0 at which rupture of 
the component should be expected. 
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Problem 7.98 


7.98 A basketball has a 300-mm outer diameter and a 3-mm wall thickness. 
Determine the normal stress in the wall when the basketball is inflated to a 120- 
kPa gage pressure. 


r - I e) ' t = \H1 ■= \H~7»l£)' 




<r, « s. » Ef <°_2).. ,.,4,10‘Po 

' 1 2t 


p r \20 v|Ck“ P«. 
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Problem 7.99 


7.99 A spherical pressure vessel of 1.2-m outer diameter is to be fabricated from a 
steel having an ultimate stress ffu - 450 MPa. Knowing that a factor of safety of 
4.0 is desired and that the gage pressure can reach 3 MPa, determine the smallest 
wall thickness that should be used. 
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Problem 7.100 


7.100 A spherical gas container made of steel has a 6-m outer diameter and a wall 
thickness of 9 mm. Knowing that the internal pressure is 500 kPa, determine the 
maximum normal stress and the maximum shearing stress in the container. 
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n 7.101 A spherical pressure vessel has an outer diameter of 3 m and a wall 

Problem 7.101 thickness of 12 mm. Knowing that for the steel used ffaii - 80 MPa, E = 200 GPa, 

and v ~ 0.29, determine (or) the allowable gage pressure, ( b ) the corresponding 
increase in the diameter of the vessel. 
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Problem 7.102 


7.102 A spherical gas container having an outer diameter of 4.5 m and 
a wall thickness of 22 mm is made of a steel for which E = 200 GPa and v 
= 0.29. Knowing that the gage pressure in the container is increased from zero 
to 1.7 MPa, determine (a) the maximum normal stress in the container, (h) the 
increase in the diameter of the container. 
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Problem 7 103 7.103 The maximum gage pressure is known to be 10 MPa in a spherical steel 

pressure vessel having a 200-mm outer diameter and a 6-mm wall thickness. 
Knowing that the ultimate stress in the steel used is ou = 400 Mpa, determine the 
factor of safety with respect to tensile failure. 
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Problem 7.104 


15 in 



B + p - f h 


7.104 The unpressurized cylindrical storage tank shown has a 5-mra 
wall thickness and is made of a steel having a 420-MPa ultimate strength til 
tension. Determine the maximum height h to which it can be filled with water 
if a factor of safety of 4,0 is desired. (Density of water ~ 0810 N/m 5 .) 
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r ~ \A ~t * y/fo - r - 3 zt 5 " 




F.S. 





4,0 


i o 4 M Paf 


P r ~~Z - ' 3745' 



t/pye'j f'MVj 


l*fc)>ZkP£i 
!4-*3 f‘n 


M. /n 


Problem 7.105 



7.105 For the storage tank of Prob. 7.104, determine the maximum nor¬ 
mal stress and the maximum sharing stress in the cylindrical wall when the 
take is filled to capacity (// — 14.4 m). 

7.104 The unpressurized cylindrical storage tank shown has a 5-inm wall 
thickness and is made of steel having a 420-MPa ultimate strength in tension. 
Determine the maximum height h to which it can be filled with water if a factor 
of safety of 4.0 is desired. (Specific weight of water = 9810 N/m 3 .) 

eH e - TSfn £ “ 0‘00S »> 

r - iJ - t r ^.74-5 -m 

P - V'K - ( 4^/0 Yl/f-'Jf.) r £4 



loS'8 MPa 


„ _ U*HU4-\(2‘ 74-51 ... 

o, ~ hr ~-—- - toS'Sl MPa, 

L. O'OOS 

6 -.„ = 6-, 

S4,v> <3 O 




£~*4CC»-«U) 1 




I ot> '9 MPa 
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Problem 7.106 


7.106 A standard-weight steel pipe of 300-mm nominal diameter car¬ 
ries water under a pressure of 2.8 MPa. (a) Knowing that the outside diame¬ 
ter is 320 mm and the wall thickness is 10 mm, determine the maximum ten¬ 
sile stress in the pipe, (b) Solve part a, assuming an extra-strong pipe is used, 
of 320 mm outside diameter and 12-mm wall thickness. 


(f>4 

c/„ - 0’32*» 

b — oia / fyi 

P - % 


- t = <3-/5 A1 



f * 

(** 

42Mpa 



42 MPa -ft 


jfj “ £J < ? ,2 A-i 

t* chtf/Zh' 


4, 

- "t T 




(*B)( a.IQS 1 . 

O’012 

r ?+•'> Mfia 



-a 


Problem 7.107 7.107 A storage tank contains liquified propane under a pressure of 1.5 

MPa at a temperature of 38°C, Knowing that the tank has an outer diameter 
of 320 mm and a wall thickness of 3 mm, determine the maximum normal 
stress and the maximum shearing stress in the tank. 

~ 3 * iSJmro t s 3 Mm. 

6 -, • f =- * 1g . s 

s; - 7 t-s m p* 

'X- ~ P ■= - h£ tfpq 

^ 4 (6*,.* - r 4-o MPa. -** 


Problem 7.108 7.108 The bulk storage tank shown in Fig. 7.49 has an outer diameter of 3.5 m 

and a wall thickness of 20 nun. At a time when the internal pressure of the tank is 
1.2 MPa, determine the maximum normal stress and the maximum shearing stress 
in the tank. 

t ’ w. 


6^ I o%2 MPcl 
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Problem 7.109 


7.109 Determine the largest internal pressure that can be applied to a cylindrical 
tank of 1.75-m outer diameter and 16-mm wall thickness if the ultimate normal 
stress of the steel used is 450 MPa and a factor of safety of 5.0 is desired, 


Sl - 
r.s. 


4 go 
s 


40 M Pa, - <?0*10 C TV 


J - t - ““ - tCx/C?‘ 3 r 6.9S-=t ~v 


"1 (>x/O'*)(lo* 1C?) _ 
O.gS^ 


.676 vjo 


Problem 7.110 



1.676 MPcl 


7.110 A steel penstock has a 750-mm outer diameter, a 12-mm wall thickness, 
and connects a reservoir at A with a generating station at B. Knowing that the 
density of water is 1000 kg/m 3 , determine the maximum normal stress and the 
maximum shearing stress in the penstock under static conditions. 


~ 13 ~ 363^ * 3£3^/0* S w, 

t - IT.rnivi ~ 12 X I C“ ^ ivo 

jo - r (looo k^AJ’Xq.gi ^/s z )(Zou V 

- 2.<i93*lo s Pa 

$ ' V r - TtTJo^ - S^.oxto Pa 


£.*.» e; 


* - P * ° 


<5V*- 2=1.0 MfV* 


HPa, ^ 


Problem 7.111 




750 uitn 


7,111 A steel penstock has a 750-mm outer diameter and connects a reservoir at A with a 
generating station at B. Knowing that the density of water is 1000 kg/m ! and that the 
allowable nomial stress in the steel is 85 MPa, determine the smallest thickness that can 
be used for the penstock. 


P " F^ ~ ( i0o ° 21 w>/s* Y?>OC> V 

- 2 . 993 X |Q‘ p* 

S, SS MPcc =r 2SXIO* Pa 
P « ^ot-t - |;(7s'ox/o' i )-t = 0.375" - t 

5 


$SXlt 7 


„ (7.943X IO < ’)(0.Z7S - t) 


(8Z413«(O c ) t - I. 1.0.3625x to* 


t= IZ.SV1* I3"V 


t* IS.S'SW 
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Problem 7.112 






7.112 Hie steel pressure tank shown lias a 750-mminncr diameter and 
a 9-mm Wall thickness. Knowing that the butt welded seams form an angle 
{3 50° with the longitudinal axis of the tank and that the gage pressure in 

the tank is 1.4 MPa, determine (a) the normal stress perpendicular to the weld, 
(b) the shearing stress parallel to the weld. 


s - sr 




Sooo 


r - ^ J ~ ~U> 

~ Mf Ci 




6" a - i<Dj - 2T?. IS MPi. 
r £ (<$; + <$; V 43.725 MP<i. 


6-.-6V 


- l*+‘Sisr M fq 


6 (M'P<=j) 


< 5 * - £w + R eo 5 loo’ 

~ 4b2 Mftft 

(\o^l "TV ~ f\ si« iOO 

- <. 4 , 4 - Mfi? 


Problem 7.113 



7.113 The pressurized tank shown was fabricated by welding strips of plate along 
a helix forming an angle ft with a transverse plane. Determine the largest value of 
ft that can be used if the normal stress perpendicular to the weld is not be larger 
than 85 percent of the maximum stress in the tank. 





S'.* £ 


s*.« i«s> o * ff 1 

D - ~ ^ - -L 

^ x 'ft: 

6“ w r 6Vv t — *R &*«. ^ 

o.*sf = (f - i-sS/Of 
cos 2/3 - - H (o.S5*-|V -0.4 
2/2 * 113. 6“ (2 - 5Q.%° 
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Problem 7.114 


600 mm. 



m 


i 


|jj| 

8 m 

1 

■A 

/ 

|J| 


7.114 The cylindrical portion of the compressed air tank shown is fabricated of 8- 
mm-thick plate welded along a helix forming an angle 30° with the horizontal. 
Knowing that the allowable stress normal to the weld is 75 MPa, determine the largest 
gage pressure that can be used in the tank. 




r- t * i(jSoo)~ q 

s r s - 4 ^ 

St £ 







6L 


R 


i; if 
% x $± 

X T t 


7> w - +- fZ cos 

8 £ 

P - it SsL^L 

I * & r 


p* 


Problem 7.115 


600 mm 



7.115 The cylindrical portion of the compressed air tank shown is fabricated of S- 
mm-thick plate welded dong a helix forming an angle /?= 30° with the horizontal. 
Determine the gage pressure that will cause a shearing stress parallel to the weld of 
30 MPa. 


f - % al ~ £ ~ % t£oo) - $ ~ Z^Z 

5 " 


p/‘ 

r t 


s; * ± -f 



R * 


S1-6L 


X ££ 

4 £ 


r w - R s GO” 
~ t5 E£ 

p, -I <!_t 

r V3 p 


p- - 3.SO MP* 
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Problem 7.116 


7.116 Square plates, each of 16-mm thickness, can be bent and welded together in 
either of the two ways shown to form the cylindrical portion of a compressed air 
tank. Knowing that the allowable normal stress perpendicular to the weld is 65 
MPa, determine the largest allowable gage pressure in each case. 



r- iJ -1 - -k(s')- i£*/cf 




fir - ££ 
°l " t 


S' r ££ 

zt 


(a .> 6^ - 65 MPa. ; &S “to* 1 Pa, 

r r z.'tzH 

■p r ■ *flir 1 <Pa. -*■ 



4- Sht 


* <we * % 


(ff, + s-,') - # ^ 


o - §1.-$*- ~-i-.gr 
K ~ x 4 t 

* 46'° 

6w ~ £>»,,<. + T? 

= s £T 

4 t 


.!°-l , Rl p * 55-8 tPa. 

CSX2.4B4^ ' 
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Problem 7.117 



7.117 The pressure tank shown has an 8-rara wall thickness and butt welded seams 
forming an angle ft = 20" with a transverse plane. For a gage pressure of 600 kPa, 
determine (a) the normal stress perpendicular to the weld, (6) the shearing stress parallel 
to the weld. 

d ~ 1.6 v* ~ 8 O ! vv-i T' = t = O.T**?. <rv> 

S'. - ^ ^ ,,„«• r. 


f'= 




iO 6 P* 



- H 4 . 5 S* lo s Pcl 

R - i(R-0= 

fc-\ 6T - 6^ vc - Rtet.'io’r 33. I? K P* 

ev= z-ian?^ - 

Ool tT = R 3,-v, <-\O c ~ tf.XS'vlo* pc, 

'Cj - Tstm P«. - 


Problem 7.118 



7.118 For the tank of Prob. 7.117, determine the largest allowable gage pressure, 
knowing that the allowable normal stress perpendicular to the weld is 120 MPa 
and the allowable shearing stress parallel to the weld is 80 MPa. 

7.117 The pressure tank shown has a 8-mm wall thickness and butt welded seams 
forming an angle 0 = 20° with a transverse plane. For a gage pressure of 600 kPa, 
determine (a) the normal stress perpendicular to the weld, (b) the shearing stress 
parallel to the weld. 





& =■ ££ 

» t 


er = £JC 
7t 


<5_, _ Jl . C jl 6 “ i + ) - f ^ 

J R r i C^ t - s* 1 =• i f- 

«*_gF __*. 

6* W r S'**- P teS 

<--- -4 = *)££ T o.sszs-£f 

Ti = Re.h = (if-sm V°") Ip r 0.(607 -E- -■ 

p = e * M* 10 ‘ft. - m P „ 


P ' 0,Ue>”? 'P " (o.!( 3 o7')Co*7‘12') " * CL ' 

Tie H P poSS'Sc**^- IS + Le. 
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Problem 7.119 


7.119 For the tank of Prob. 7.117, determine the range of values of/? that can be 
used if the shearing stress parallel to the weld is not to exceed 12 MPa when the 
gage pressure is 600 kPa. 



1.6 in 


7.117 The pressure tank shown has a 8-mm wall thickness and butt welded seams 
forming an angle /? = 20° with a transverse plane. For a gage pressure of 600 kPa, 
determine (o) the normal stress perpendicular to the weld, (b) the shearing stress 
parallel to the weld, 




d ~ *■ / C> i»um 

- t - 0.772 

rV - ££ _ (& °° * to 3 33. ^ 

' " T “ ax ( o- % 



” 5%h mP^ 

- X1.7 

2 — i i. ^ j MPa. 

R Ssnn 2/3 \ 


^ 2t 

R = = IM.S5- 


)*>•" £* i&i <5 - ?08 ° 9 


I7.SS 


-53.71° 

4^3*1) ° 

* iso*- 53.^1 ° - + n&.oi 0 
= l%0°+ 53.if " -4-233.71°'} 

L e-t -Re r*.is a I' x/«^Ries -f-or ^ be. -l8o /S 5- ISO* 

5a.R CAwi^e^ -for-* * *•■ 27.0 ^ /3> — 2.7,0* 

^ £3.0° ST /« * I I 7-0* 


/3«. ' +27.0* 
/3 t - 57. 

/3 C ~ i53.0 * 
^ r-|17.0‘ 
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Problem 7.120 



7.120 A torque of magnitude T~ 12 kN • m is applied to the end of a tank containing 
compressed air under a pressure of 8 MPa. Knowing that the tank has a 180-mm inner 
diameter and a 12-mm wall thickness, determine the maximum normal stress and the 
maximum shearing stress in the tank. 


ci - \SO V*' - % e} — 20 r»rv> £ ~ 12 


Tc 


Olf-% l on 


ress ore. * 


Cj ~ 2 O C z “ 20 + 12. - /02 hn»*t 

f ( c z -Q*') r 6G.2Ggv/0 S w,^ =■ €£.?6g*/0*‘ *vR 

/B.277 HP«. 

6”, r =• - <So MPa 6T 2 * - 3d> 

S* - So MPa > 3o MP* } *2^ = 18.277 MP* 

r > («M 



R *■ -y ifi^s y + r,/ - 23 .&hmp a 
0* - £8.62 MPa. 


-A. 
6b 

s; 

tU. 


" 21.36 HPa. 


fi o 



SS.S MPa. 
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i C6~.- 


r. 




34, 3 M Pa, 
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Problem 7.121 



7.121 The tank shown has a 180-mm inner diameter and a 52-mm wall thickness. 
Knowing that the tank contains compressed air under a pressure of 8 MPa, 
determine the magnitude T of the applied torque for which the maximum normal 
stress is 75 MPa. 


f- - ^ J s- Ho t - 1% <•'''*"• 

S', - ?£ = £o MPa. MPa 
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its-.-Sjl 

- 4S 

MPa 
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R sI&TT 


"/ IS * + 'tty* 


- 

y^~ js~ 
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30 1 - 
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£; 

15.1$ * /o 4 

TtX. 





T°**:*n : i C, - 90 c 2 - to 4 a - /O* MM 
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c ’ 102^10-^ 
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Problem 7.122 


■ 

35“ 


7.122 A pressure vessel of 250, min inner diameter and 6-niin wall thick- 
ness is fabricated from a 1.2-tn section of spirally welded pipe AD and is 
equipped with two rigid end plates. The gage pressure inside the vessel is 
2 MPa and 40-kN centric axial forces P and P' are applied to the end plates. 
Determine («) the normal stress perpendicular to the weld, (h) the shearing stress 
parallel to the weld. 

7 ~ pT <4 ~ X"- ~ IT'S tK Pn t, ~ ferHtoj 


r - EX _ o> jit*) . 
1 “ t b 


4/-fc7 MPq 


'* ~ zi r ~msr ■ "' f s 


T a ” V' + t — (7~*S' + (s - i 2> / M m 

A - tt (a,*- ^ - Tr(’/?.i' 1 - /zc 4 ) , 4^.2 a-i 

^ r - A r “ 4$^ “ " 


P* J-<? MTq 


a+ecl Stresses* Loh^lioJin^J 6 ^ sr ZQ'frS ~ IS > $ if- M fa 

C'urcoSj - ■4/r&'7 /p) 

SVseeoc Ity * O 


Y S' 



PJdHcJ poirt4s 4W Hokvls CiVc-J^e 

X : (/ X* j o 4 

Y: o') 

C ' (z^ieiT, o) 

w 


<sy„ e - -Jr ( 0 ; + 6' ) * koS’ Mpci 


/6~-5'4 - 4/ife7) l 7 

-- 2 -4 +c > ^ 
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(X I l^l 


Sik 7o° " /3-e k<T s,T, 7o° - 
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Problem 7.123 



7.123 Solve Prob. 7.122, assuming that the magnitude P of the two 
forces is increased to 120 kN, 

7.122 A pressure vessel of 250-mm i nner diameter and 6-rum wall thick¬ 
ness is fabricated from a 1.2-m section of spirally welded pipe AD and is 
equipped with two rigid end plates. The gage pressure inside the vessel is 
2 MPa and 40-kN centric axial forces P and P' arc applied to the end plates. 
Determine (a) the normal stress perpendicular to the weld, (b) the shearing stress 
parallel, to the weld. 

r ~ \ J ~ 4 (25©) - t- 6fn (m 


s; «• fjr - -- 4 i-bl MP-r 

To ~ r + t - I tS + (0 ~ 1% I 

A “ 7 - F (bR- ft*"*) - 4125 ^ 

& - - £- „ _ fe gt da ! . _ 

0 A 4-P25T 


~Tc>+<&.^ s+resst 


^(HP^V 


i G* - ZO'Pz - t4-'Pl - “4* 04 MFcL 

C1 wcv>t>*4-ev'e.-'vfr'ftyf “ 4ri+ (ol 

SiieAV 'Ti.y ■= C> 

Rj?<? tt edt 4-0■r Molar's CiVe.-Pe, 

\ X r (- 4 . 04 , o') 

\ yt {4Dbi,o') 


V (mp^ 


C •* o) 


- "k. CSy + 6"1 ^ - I ?* ? 15" 


R. - 



+ 0= 'L2*8S5 MPq 


to} 6> - (w - Rc°-*7o° - iWl? - cos 7o" =• II MPa 

(\dT Vp > .^'\ •=■ R sin "70° ~ 7.'2. *8b& a.ioi 7o“ ~ 4 i * & A4 
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Pv'oVs ifiw-', 7. 1 7.H tanfiini eA 


'v'lnc,i pa/ s4v>s.s^eg, . <54.= 77.4 MPa, ^ 6^ - 32*3 Mp<*, 

The SrvP ptfri'nci'j?*/ S'f r ^5>^* i* "H\«L Y'a~<J\A$ fSx 3d O 

64** - 7 1SH MP«. 64,-* * o 


77.1MP^ J 64.-*® <2 


H rv> u^v* siveA^ViQA S-ft^eJS . 24.**. " 4 (62 -k - ) 74^*,= 3S.?P\P«.-sa 


Problem 7.125 


150 mm 



7.125 In Prob. 7.124, determine the maximum normal stress and the maximum 
shearing stress at point L. 

7.124 The compressed-air tank AB has a 250-mm outside diameter and an 8-mm 
wall thickness. It is fitted with a collar by which a 40-kN force P is applied at B 
in the horizontal direction. Knowing that the gage pressure inside the tank is 5 
MPa, determine the maximum normal stress and the maximum shearing stress at 
point K. 


CiovT3>iAe<r iA~ of pAn'vf L, 
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Problem 7.126 


7.126 A brass ring of 126-mm. outer diameter and 6-rnm thickness fits 
exactly inside a steel ring of 126-iron inner diameter and 3-mrn thickness when 
the temperature of both rings is 10*0. Knowing that the temperature of both 
rings is then raised to 52°C, determine (n) the tensile stress in the steel ring, 
(b) the corresponding pressure exerted by the brass ring on tile steel ring. 


Let p be tbe contact pieesay.e between 
IOOOP11 rbe Subscript S ye fe .5 fe He steef 

0^-20.9X10 C iAin^ . SufcsiC/i'p'f b refers fe» ihe s riVtep 

Sfeci : IniefHtiJ presort p 6~ s - 

Corres poinding sft'Wn £^ p = ™ 

SfrAin doe 4 * ci-ns^e 6 sr - 04 AF 

To4<ii s4/-a)'« £4 ~ ■£— ^ /\7~ 

Cb»o«je in e>4 £tVv 
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(“ L> A, f A l s 4o Ai^ 


fi 4 ^ A ' 


-££ + du&r 
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pfc bfc 


( E*i s + £tt) P = AT (s', 

P4-^- At- £z°c ~ to«c 
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3 
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Problem 7.127 



\ STEEL 

;L t, = 3 mm 

g| = 200 GPa 

10 6 /“C 

BRASS 

Vt ~—• 4 85 6 HMH- 
]?4= lOOGPa 
a b = 20.9 X K) 


7.127 Solve Prob. 7.126, assuming that the brass ring is 3 mm thick and 
the steel ring is 6 mm thick. 

7.126 A brass ring of J.26-inm outer diameter and 6-rnm thickness fits 
exactly inside a steel ring of 126-mm inner diameter and 3-ffim thickness when 
the temperature of both rings is 10°C Knowing that: the temperature of both 
rings is then raised to 52°C, determine (a) the tensile stress in the steel ring, 
{/?) the corresponding pressure exerted by the brass ring on the steel ring. 

Le+ p be He too i'Ac I - pressure belweei't 
He Su bscri jjf S refers -fo fte steei 

V'ing. Subscript b reefers fo He br^SS rnVjgp 


Xa^ernai pressure 6^ = (t' 

Corres i y\c^ sHa in £bp~ 

Sfmin Jot +« -fe^-iper*/} - o<H. obrun-je S ST ~ 6( s AT 

ToHJ sHaim £s ~ ' SG +* <Xs A" 

tits 

Cb<aoje iVi 2&v\ 3 4k of Ci>0 onvfe^emce 

AL.J - ZTITSs 3 27ip(|^ + A* ^ 

S presswrt - “ ^T 

Corr espovt<4> «<j sH*. I WS f fc p r ~ J T kr ~ Oiy AT 

Change ,M o"F Ctre ym'/'VtreAC® 

Ai-t ~ 27>r£y - (- + <y b Ar^ 

E t“- f; "5 AL * + “ A1 ‘ |^4 or 5 ir + 0 t b ar 

(ft, + P * (clt-oU) 4T (s 


P*4<H AT - $%°c - 10*C * 42 0 C 

r = iof ~ - 6?* **-»*■ 


fTow, j" 


r_ 45X10 b5yfo 

L ("2d0 XIC'' , }(«J'<5o 4) ClO<5 Xfo'fK 0‘ere* 

—4- 

Z'kzSYto 2* 4^6 )Cfo P 


Pv>~ £,.<0 

7a 


—>J pr 11.-7)60 ) 3 £. 

ps: T 3 3 M fis\ 

13*3 Mfy 

(fiC) % - /4- 
fl>\ p - A32 
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Problem 7.128 


7.128 through 7.131 For the given state of plane strain, use the method of Sec. 7.10 
to determine the state of plane strain associated with axes x 'and ^'rotated through 
the given angle 6. 

£»* g,-- 4 320/^ ^-330^ 6=&S a J>~ 


- - Ho ^ = - 2%o M 

t tos Z9 + % s.^ ze 


2%C> ^ X - " " it*/* 


%' ' 


Tyy - 


4© 4* (~2So)c »i 130°-t- f-ies*')sr«o !3£>° 

_ £*“■■§*• C6>5 ze - ^ s,« 2(9 

40 - £-2»o')<^ iso” - (-165 W-* iso" 

~ ( £* - ^ 5/H 5i5> + Yij Co 5 2 £ 

- (-240- 320] s.h 130% (-33©Ws I3t>" 




eJ ~~\z.s%ju 


T^y - &Hi /f 


Problem 7.129 


7.128 through 7.131 For the given state of plane strain, use the method of Sec. 7.10 
tot determine the state of plane strain associated with axes x 'and y 'rotated through 
the given angle 0. 

e x - + 2 HO A x gy - 4 ILOju , Y 1 ^ --V ISP// - -6o 


Ht> M 


=■ 7S> 


£» + f i 


4 Co 5 2© 


200 + 40 CoS (~l7a?) + 75 S.o(-tfO‘ 


DS.O^ 


Jk+i* _ cos 2© - % st*>o 2© 

% t z 

2 00 - HO cozC-IZo"} ~ ^ 3,0 (-1204 % >*ZV5m 


V^y - -(£* - $m 2© + 2© 

r -(2HO- (fes) 5m (-!&>") + ' I go £os (~ no” 
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Problem 7.130 


7.128 through 7.131 For the given state of plane strain, use the method of Sec. 7.10 
to determine the state of plane strain associated with axes x ’ and y 'rotated through 
the given angle 6. 

£* =* 3SO/4 - O, 4 v -fl2Q A( 


=• 


l a - \1S M 

2 


= 0>OM 


■'-2 * 


CoS ■?£ +• 


* \1S V ns* cos. (-SO*) + £0 3m(- 30") 

, * cos - Xst-Si* (-*?') 

1 A /x X 

- I7S" - l7Sces(-$o°) - GO s^(-Zo°) 


S.. - 217/4 


£ I - S3.4 /# 


Cos 

- - (SSo - o') s ,y 630“ ) + 120 tos(' 30 °') 


V,y =■27-5'^ 


Problem 7.131 


7.128 through 7.131 For the given state of plane strain, use the method of Sec. 7.10 
to determine the state of plane strain associated with axes .v ’and y 'rotated through 
the given angle 9. 

£* « o . f r - a3Zo M) y, v = - jOQM , 6 * 3o° 3 « + 3o° 


£V ■* ^ 


r 160 M 


- S? 
2 


160/4 


- £>L-i—cos 2d f s»« v2d 

2 2 2 

- I to - ItO cos 6o° - i~sm to" 

£V * t £ a . _ fki , ? j f . Cas ^ si- 2© 

(60 4- | tO CoS £sO + ■6 — StVi to 


£ y ,- + 3t.7// 


£y *••+ 2&S /f 


Yyy r - (Sx- S^Sm" 29 4 Y*y CuS <?9 

- - Co - 3ao) s;» Qo° - too c« (o a 


iCy ' + 2»?/f 
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Problem 7.132 





7.132 through 7.135 For the given state of plane strain, use Mohr's circle to 
determine the state of plane strain associated with axes x 'and y ’rotated through the 
given angle 6. 

= -mo JU. ^ * SZOyU , Tuyg- 33©A, <9 = 


+ O • ^°A 


A X 
6/0 


ftfotM HoU'r'a 

X : (i-vio/4) 1 65>') 

y r (320 a , -tefA ) 

c - o') 


fan of 


= O.SSVZ*) d s 3>o.S° 


(b - !%o°- ISO'+dL - SV.S? 

R. r - f&ioY+i\6sr)' x ‘ - Z2€ 


Ey' - (five + 1? COS /3 
Ey' ~ E«ve *" P C»”s/? 


"4 Vy'y' *” R Sin (i - 3 ZO^S// 


£V ~ 71.6 a 

£y* * -13.6 A —* 

% » 647 /* -* 


Problem 7.133 


4r 6*0 

* I 



7.132 through 7.135 For the given state of plane strain, use Mohr’s circle to 
detennine the state of plane strain associated with axes x ’and y 'rotated through the 
given angle 0. 

£* = + ZHO M £ - FI GOA, YL~ F 1 SO M v © - <£6>° 2 r 


PA>HeJt points -P®*- Molar's c-i'ce^e? 

X- (+ Mo/fj - 75>) 

Y ? (F|fc£>x<, 75“ a) 

£ : (f Poo/t j o 1 


l-erw d. ~ 


- 2£ 


l..«7S d = 61.<13 


/S - 2e -d - ~i7o a -G,i.q*>°- 

*Y = e.^+Cws/1 * 20 ©* +(a5>)c.s6-;*/.‘730 

gy/ -tiS.OM ^ 

£/ - 6**-£e«/2 17 ZoO/c-(B&^ozC-18!.<!%*'> 

it-.;’- -R s .«/S - -SS s,^ (-121.4 3 2 = -?.«£>( 

T*y - ~' S '- 
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Problem 7.134 


K (/«■) 


7.132 through 7.135 For the given state of plane strain, use Mohr's circle to 
determine the state of plane strain associated with axes x 'and y 'rotated through the 
given angle 9. 

g^3^0^ gy -- ° , T*, - -v KO m , Q * l£ .l? 

£** - ^ 

poi-s+S-fisv' VloWr'i CkVtie' 

X-‘ tesojtj - 

y; (oj 4 

\ C : (nsy o') 

| | A J: ' ^ I7S- 

l oJ | OW'I /8 * 06+30° = ‘h?.*?? 0 

3^Tyr ^ £ ~'f(\7 £) +CS®)" — r ISS - /* 

>/ £*/ “ +■ P Cf*®' '€** ~ ^7M "*® 

Ej> * £*,*. £/ “ <53.¥/r 

iTy* -- /3¥.ff/r Xy =" 2 7< M -* 


Problem 7.135 





7.132 through 7.135 For the given state of plane strain, use Mohr’s circle to 
determine the state of plane strain associated with axes x 'and y' rotated through the 
given angle 0. 

rr. ~ /-> <■ - -L + 90 U ~fL. ~ ~ iOO JJ 0 ~ 3 0°1) 


g^O, ^*43^ J^LZllfzJh J 

■pjpoffeel pcu*\1s ■Po/' HoUv-'s 

X r (O ^ So ^ 

Y (3 Zoja } ~SO^ 

C : ( 160/tj o ) 

4^*---**. o6r 17.35“ 


£ (Art 


+MOl .--f2. 0i.i7.3r- 

l&O 

■R - •/(Kc./t') 1 +(5'<y/t) 1 ' - /^ 7 - 63/< 

/S - 2& - d~ - Go°-l7'$S v - 


£*, r ~ R CoS A ~ - 0 C 7. £ 3 //) CcVS 42.45 

fyi* - 36.7/< 

£y' r £*« + 9cm<./Z - 16.0/4 4 ()C?.63/fV.* 

J 2-23 A 

Rsin/i * (it?.GS/*)*;« Hl.cr 

ily- 121 # 
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Problem 7.136 


hr (a) 



7.136 through 7.139 The following state of strain has been measured on the 
surface of a thin plate. Knowing that the surface of the plate is unstressed, 
determine (a) the direction and magnitude of the principal strains, ( b ) the maximum 
in-ptane shearing strain, (c) the maximum shearing strain. (Use v = ~) 

Z'A+S'lOM, y^~+l ZOM 

WoHed pen % ■fas' Hatw's Z, * 

X • (30^ 5 - 360,0.'1 
Yi (£-7 o M> +260^) 

C : (Soo o') 


20 o 


= -I. SZS'i 


~S3J2,° 


_4_* 

" J t>. 5i<c* 


R ~-/(no M Y + (s£o^ =- 4.50 /c. 

£«. = 5 awz +■ R - 3^o A +- t/s'o 

Sg - - R - soo^/ - h^o M 

(b) ~ ~ lOO /A. 

' - 777^ e.1' - (^°a - 15-0 a) 


?*>**> “ ~ 7S ’ C> JA i S'-.'n “ " 

Y»h**i ~ “ 7 S^O/t - (~3>OO^y^ 


300/4 


Bo. = 

Si - - /dT0 /t 


= ~30o a 


X>^= t06'O A 
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Problem 7,137 





7.136 through 7.139 The following state of strain has been measured on the 
surface of a thin plate. Knowing that the surface of the plate is unstressed, 
determine (a) the direction and magnitude of the principal strains, (b) the maximum 
in-plane shearing strain, (c) the maximum shearing strain. (Use v = ~) 

- +• 


Fo r Hokr's CtV*cA ffT s4\ri<»t } pj) 0 f" poiA+s 
X: (UO/ty 30b-M^ 

Vi (- H&o/jj ~3oa /<*> 

C: (-l6o*,o) 

,-r JL„ . •?£> - .~ ^ & °_ r _ 

3X0 


(a) ZQp - 




O.^SIS 


2.e r = - 43./S" 


£ Cm) 


320 >| I Go 



Q- * - */. SS 


-21.58+ <?o r 68. 


0 = -*I-S8‘ 


dw ' 68. 


R. ~ -y (320/1 ) z +(300/4 )*■ * 438, G ^ 


^ - a»* + R = -/ 60 // + 4$s.£// 

£b- €^e-R- -/60/f-¥S8.6/| 


£* = +278-.C/4 
Efc = /t 


.'i = ^ ;* 7 a»~o 2R r £ 11/4 

a,. • -;fF "irFr (e. + * --55- 


ICO, O // 


£*«*, - ^78. 4 /* 


G /r 


r^-r^-8 21ZJi>ji±5lZ.GjuL 277/, 
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Problem 7.138 


7.136 through 7.139 The following state of strain has been measured on the 
surface of a thin plate. Knowing that the surface of the plate is unstressed, 
determine («) the direction and magnitude of the principal strains, (b) the maximum 
in-plane shearing strain, (c) the maximum shearing strain. (Use v— i) 

£« “ — & 00 M i £y ~ ~ t-f oO/A ^ ' -V 3SP/J 


if(M) 




p Ot*n 

X : (-500 M, ~ |7 Sm ) 

y; (- Hooja , -j \n$M ) 

C ■ C~SoO /*, o ) 

+« = - T5?-- ’/ 

2©,* - - QP.XC, 1/_ 

Q h --30.13° 

e A ~ si.*7° ■** b 

“R ’A loo /»)% (i-15 /j) 2 ' 

2&I.C 


+ "R r 90M- T %&{,& <4 

Bk - ~ R «■ - 201,6 a 

£0 = “TT~r(£^0 * -TTTT^x-t-eJ - 


6a_ - ~2 c l2> /4 

£y~ ~ 7 #% M 

(-Goo/i - Hoo/i) 
£ a -£QOM 


Soo/4 


-IoTl/4 


- £ 

»i 


SOO/i + ?02 /r 


1202. /f 
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Problem 7.139 


7.136 through 7.139 The following state of strain has been measured on the 
surface of a thin plate. Knowing that the surface of the plate is unstressed, 
determine (a) the direction and magnitude of the principal strains, (b) the maximum 
in-plane shearing strain, (c) the maximum shearing strain. (Use v - |) 

£« * ~ * -GOyUj r j- 420/4 



~ R - - 160^. - Z&o M Eg = " M ’***■ 


^ ^ in-pPuKO. ) ” ^ ~ ^M 

£ c r - ^ 

=• 160 ^ 

5^- lio/f - HZ& m 

(P) - Uo>t + 420 ^ —* 
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Problem 7.140 


i Y> ( m ) 




7.140 through 7.143 For the given state of plane strain, use Mohr's circle to 
determine («) the orientation and magnitude of the principal strains, (6) the 
maximum in-plane strain, (c) the maximum shearing strain. 

£„ 9 -h 400Mj £j ~ + 200/A.j ~ 3l$/4. 

Plotted poinH £o,r VloW/s 
y; (+400^, - 127.5m) 
y: (+2o+ 187. Sm ) 

C : (4 3 ao/4) O 1 


Z(m) 


L * 7S 

C J 

2& p * £|.93* 0^ 30.^ * s e b - I3G.9G 

r __ 

t?' Jboo/ <)% (i«7.5/t)* - zn.S/A 


t<x\ E.^- £»« + R - 300^ + 212.5/r - $H.5^m 

£ b - e.^ - R * soo/t-aia.syt 81 s;.5> 

(W - 2R - ¥3S> 

(c\ Sc. ~ O £«.^~ Sl2.S/i £V-, r O 

« £„** - £m,v, - $12.5 M 


Problem 7.141 


fa> 7 .#V 


7.140 through 7.143 For the given state of plane strain, use Mohr's circle to 
determine (a) the orientation and magnitude of the principal strains, (/>) the 
maximum in-plane strain, V) the maximum shearing strain. 


U " - I8g/t. 


r,v ~ 4- 3)5". 



pwin4s 4-r?*'' Mold's c.ycv(e 7 
X: (-|?®/t J ~/57.5’/t) Y*-(~2&2>^+ 157.5/0 
C - (- ° 'I 


E(rO 


. 7B - Vk_ - 31$ _ 

(aA fav> 2 P~ 8o * 


3.9375* 


20 p -* 75.75’ 


0..^ 37. -57’ 
0 b - 127. $1 ° 


R - m YhiSIcS - ic^.5*/* 

£«.= 4 R “ - 2i«?M + l£?-5/t =r -57. S> 

£ b ^ e«e - R - -23W-U2.S --3S2SM 

(b) T^ CiV ..o - * S^sr // 

(C) £ c = O £„***■ O > £** -- - 322 . 5 > 

- Pw. = O ♦ * 3S2.5> - 
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Problem 7.144 


7.144 Determine the strain e, knowing that the following strains have been 
determined by use of the rosette shown: 

6) = +480/< £-2 = - 1 20/i e 3 » +80/r 



£* Cos 0, 4 fy S<n 0, + Sio cos ©, - 

0.7330 £* + 0.0£6 9<i Bj - O.ZS Y 1 ^ - H $<?M CO 

£* COS.* 0 Z + S.'« l 0^_ 4 T„J St n Co $ c £^ 

0.75 £* + 0.25 £y + O.H3Zor^ s-lZo/l U) 

£ x COS 1 & s + Qj + YVy Sl<^& s C0$ T g a 

O.OCG97£« 4 0.7ZZo ^ 4- 0.25 Yl^ - M (3) 


SoJ ViY i^ (0^ J <**vl SiMtj/foweDUsiy’j 


£* - 253 -M 


Ej - 307/4. 


Kj - - gq&M 


£* = 253A 
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Problem 7.145 



7.145 The strains determined by the use of the rosette shown during the test of a 
machine element are 

t'i = +600/t £2 = +450/I €3 = -75/t 

Determine (a) the in-piane principal strains, (b) the in-plane maximum shearing 


O, = 30" 
9 t ~ l5o* 
» 10 ° 



Cos* 0 , + Sy 6 ), + Y'yy Sir 0 , CoS 0 , ~ E, 

0.75 e, + 0.25 + o.Hvaoi r H y ~ &c 

& f h £\. s/n 1 O z 4 YL s!n&^c.aS& x » 


goo/t 6 ) 


0.76" Ey + 0.35 E* - O. 43301 r*y = 450// fcl 

£y 4 si^ &j coj 0 3 - € 3 

O 4 £j O - 7 «£> Cs) 

(0, *.«<■} (Si ,5 t tv>V to C oUS ^ 

£„ - 735 ^ } fyr **75 /f a » 173,3.1 // 

£tu* - *(£* + r 3 25 

R - f t (5)" - J { m* . ™ )'= 4or. 3 „ 


Ca) E x = £«,* + R - 73 H /a 

£ k * - R “ - £4. 3 ^ 

(U - ££ * m 


' 73H M 
£ b *-2^3/4 
7L, - 3/9 
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Problem 7.146 


45" 





7.146 The rosette shown has been used to determine the following strains at a 
point on the surface of a crane hook: 

<k, - +420 (i e 2 - -45 ft c„ = +l65/t 

(«) What should be the reading of gage 37 (b) Determine the principal strains and 
the maximum in-plane shearing strain. 


(a) Gages t a,»J 4 1 90° *.p#st - ± Sj/ ) 

= j(~^S/i + US> ) - GO// 

Gage* I <**d 3 CL^e aAo *?0° ^ (£ ( + £ 9 ) 

£3 - - E, ~ (Z)(co//) - Wo// - - Soo jj 

(M £ y * e, = 4?o ,« * e 3 * - 3<x>^ 

Yxj - -?-€*-£, - C? )C- ) - 47 o^ + 360 ^ 

~ -ZlO/s 

r = /^pTT{Sf , j(m5*^2Y7£M*&r 

- 375// 

e «. - Em 4 1? - + 37S> » 435> 

£b ~ - 9. * q>o//-Z7s m * ~3/.s> 

- *** 7s 0/< 
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Problem 7.147 


w 

a x a 


|L4 


7.147 Hie strains determined by the use of a rosette attached as shown 
to the surface of a machine element are 

— - 93.1 X 10“ 6 mm/mm e 2 = +385 X I0 6 mm/mm 
f, = + 210 X 10 6 mm/mm 

Determine ( a ) the orientation and magnitude of the principal strains in the plane 
of the rosette, (/?) the maximum in-plane shearing stress. 

Use £*•■= + s«'n 7<£> 

$ = — 7+T“ } ™ CP -p<->X X j, 


^ “ 4- 7S' " j € 3. 


' ^ £, =■ +■ ) + £ (?y - €y) CO? £ /^ s(- I VO“ N , C\) 

e 4 - i (?*-»• % U~(v% *■’* o 

- -4 U*+ e,) + i(A- £, Wi C/ 5 o°^ +- ^ <3 

Fvo^ &J. (s') £ x «■ 32 >S“x ( d c hu~\j hun 

Eif's CO 00 

S'j +■ £ 3 + %')"** C^x-Sy) eos /S ”0 

~ £x C I 4 /SO } +• ( 1 — C 05 Ibo ") 

f, 4 f t - g„ ( | 4 - 6,s Igo*') _ -513.1 Mb'* fglOsiO~‘- 3gS» fb* (» * ^ <Sc> ) 

P ~ (/ - c^s /SO~) 1 - cos ISO® 

•sr 2)5.0 * lO~ C bn/yijbnfyy 

6 AJ- a) •f“ /■UlM 

£* ~ £, -- T^ySm ii-0“ 

•n. - a-/.. ,„ eo6 . z , lo -‘ 

2J sun ISTo s-'o\ ISO® / 


Siv\ !STo‘ 


S-'w ISO® 


*" ?e r * - '- 73;i w e * = Sao "> e - 

£;„ e ■* “iCe^-V Cy ^ r ■a(3SS'*|0~ < + 3 S.O»(d i ') * ZIO wf0~ C *h4h | 


* * - 3^_0 x/O- 


+ 2 to xlo' c + Z 50 .o*.lo c ^ x/o' £ f>x^J 

r £cv«e - R ” 7 lo V /o' +- 35&-P * lO C “ I HO. O* lo* m(H I M<*1 

^ ^ R - 3SO.Ox<D'‘ Mm| KttVl 

700 ^ ,0_t 
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7.148 Show that the sum of the three strain measurements made with a 60 
rosette is independent of the orientation of the rosette and equal to 

+ <?i+ e\ = 3<r avg 

where e a¥g is the abscissa of the center of the corresponding Mohr’s circle. 


£, - 4 F -*- z cos Z& + SM Z 6 

e x - 4 (2& + l2o°)t J(z Sl ^(2& + 110°) 

“ ^ (costto’c^ze -SU \lo°sU 

+ yjp (coi !2o° si‘o Zo +• S /-1 /?o t ‘cos 2© ) 

- -v c<?5^ 

■+ 2© + Cos* ^ 

<P 3 - crxs(^© +2Vo°) + ^ Si* (z &4 Wo°) 

~ £^ve -f CcosZ^i 0 1205-?© — ^|V, £Vo Sf'V,?©') 

4 (cos ZHo 9 Si^ Z& 4 5M^e“coUe) 

= + i J S.A 

+ £© - f Ce>5 ?©) 

(3^ 

e, + e* 4 e 5 * 3e^ + o + o 
3 ~ <5 * E z + £3 
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Problem 7,149 


7.149 Using a 45° rosette, the strains £\ , £-2 , and £3 have been determined at a 
given point. Using Mohr’s circle, show that the principal strains are: 

Wrata = + £3) ± 7 =[(£i - e z ) 2 +( e 2 - £ 3 ) 2 ]5 

(Hint: The shaded triangles are congruent.) 

Since 3 <a.‘ ls e c ^° 

£«« - ~k ( £ i + ^ 

Le/ U = — £\j4. ~ ^ (S, - £$ ) , 

v - £* - = £* - iCe, + e 3 ) 

I? 4 -- L>* + v/ 4 

* e*(e,*e *)4 ■hfa+e*') 

- ^ f +4 

+ e* fc - ~ ^ ** 

+ ij €, + ^1 ?s ^ y e 5 

* i e/- e, e, + - ^*£5 + 4&J 1- 

* i- (e.-e.f + iOE.-O*’ 

■R ' j= r te,-0i* ■* (E.-eo’l 

£*-*,*..'* - R ^/Ves f~he Pcr<^ t/iWeJ 4'0>c»-\u A*. , 
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Problem 7.150 



7.150 Acentric axial force P and a horizontal force Q are both applied 
at point C of the rectangular bar shown. A 45 w strain rosette on the surface of 
the bar at point A indicates the following strains: 

- 75 X 10 * ititn/inm ■■■■■■ I 300 X 10 *' lumtara 

r. -- i 250 X 10 6 nmi/min 


«i 


Knowing that B - 200 GPa and v ~ 0.30, determine the nmnnihides of P add 

Q 


£y ■ £, 


IS s/o' 


% -- £3 - ZSO x/o' 


^yj ; -£,-e s 


>fZS y I O' 


<T. r ( 6 , + 


O 




I - '««• v J 
.TO MPq 


? 


A 


- 61 


PrARr (50)0**) C*° % ) 
- 376 


G 

fy 




7*-l* 


GT„ y = * 32-'6 c ? MP'I 



I ~ ~k - 15 ? W0b**oo 

i1S\ ... , ... 


4 


&r t 

V Q. 

7 “ It 

r\ to/i£ir - ( e? -T -> r~ y - 


% 


4 So k- 


v 

Oy 


a 


v 


\H-oG2 5 

iy%* tf kht 
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Problem 7.151 



7.151 Solve Prrib. 7.150, assuming that the rosette at point A indicates 
the following strains: 


c, —60 X lOf 6 mm/mm 


- t 410 X 10" 6 mm/mm 


e 3 - f 200 X 10 6 mm/mm 

7.150 A centric axial force P and a horizontal force Q are both applied 
at point C of the rectangular bar shown, A 45° strain rosette on the surface of 
the bar at point A indicates the following strains: 

c, - - 75 X It! * mm/mm - 1 300 X 10 6 mm/mm 

e 3 t 250 X 10 6 mm/mm 

Knowing that E ~ 200 GPa and v — 0.30, determine the magnitudes of P and 

Q 

£* - 8, * -CoyId 

YL - 2e t - £, - “ G 20 x \o~ 


-4 


£j - Z 3 ~ ZOO >tO" 


As* + ve, ^ [- 60 a (o.zVloc,)'] 0 *) 


* \ “ t-Z 

9 O 

pr _ £ 

b J - !-«*■ 




_ ■ c \ - 2o**l0‘ 

1-0-3* 


[ foo ^ 


4o WPq. 


£ a 61 

A J 


P - AfxJ - CSo)(!$ro) ( 4 - 0 ) 
~ 3 0okM 


Cr ~ 


Ty ~ G/yJ 


gCm Yfo 


ziuu) r (Z)Cl.S) 


7d<]z 6? A?. 




Us 6)00*) 

x I* 

Abk* * 

Q. - 

A^j - O 

& 

va 


" it 

ft V = 

X t %i 

a 

0 , 

*• Sj - J 


\z 


iLf-0 if 


J.bh £3 kN 
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Problem 7.152 



rji& 

I 


7.152 A single gage is cemented to a solid lOOmm-diameter steel shaft 
at an angle (3 — 25° with a line parallel to the axis of the shaft. Knowing 
that G ='79 CJPa, determine the torque T indicated by a. gage reading of 
300 X 10 f ' min/mm. 


4‘Of'Si' 



t'ovo ^ 

e; 

- <5 ’ 

O *£* 

r' 

t. 


£* 

c £? C 6 * 

~- 

O 

— 06 



- 5j6~; > 

O 

nr*. 

- fo 
s G 

,i~ -\A — 

7 .. Gy " 

_J~SL 

2 S 

pt o ktr- 

V 

5 c. 

n/seJe 4 ~o,r 

S 4 VXX «. >A 


To 





2 & 






£*' - R sli 2/3 =r jgr 2/8 


e-t *. ^ = |x 

J ITC* 

7“ - _ TT(t?«p; 

•£« Vi 

“ /t2 * 2 - IcJs) tr) 


Sim 

r^xz/ygoowo-* ) 

Siv. So* 1 


Problem 7.153 




7.153 Solve Prob. 7.152, assuming that the gage forms an angle, p ■ 35° 
with a line parallel to the axis of the shaft, 

7.152 A single gage is cemented to a solid lOQ-mm-diameter steel shaft 
at an angle j3 - 25° with a line parallel to the axis of the shaft. Knowing 
that G "■ 79 GPa, determine the torque T indicated by a gage reading of 
300 X 10 * mm/mm. 


\~o-r’ po-rs i 

1 f 


<s;-o 


^ - 71 


Hy - Jf ( &lt ~ t> S'j 4 ” O 

sj » i ~ o 


’O' * G 

O/'fl.uy ‘fo/' .S'f'C'M* 

^ £ *‘ ~ ^ 

O 4- sy> — / $: __ ^ * — 

DOT Go j- ^ to* 


Erf' - R S.« ?$ - sm?i§ 


T * = irfr.psV 


2£gv- 

Si'w 2/2 


l(70X/P 
s.<Vi 7o° 


iQOy/0" 


www.elsolucionario.net 





Problem 7.154 



7.154 A single strain gage forming an angle /? = 18° with a horizontal plane is used 
to determine the gage pressure in the cylindrical steel tank shown. The 
cylindrical wall of the tank is 6 mm thick, has a 600-mm inside diameter, and is 
made of a steel with E ~ 200 GPa and v = 0.30. Determine the pressure in the tank 
indicated by a strain gage reading of280/t. 



V- 


~ *" ~ — U ~ ^ ^ 

- O.S5^- 




(-^6^ -t = 

O.7o St 

- -ilZ. - o 

& 



Dv^AW 3 Cl«Ai Sl<Z 4W- 


* bfa*-£j ) = O.S25 & 

R " i <• o.3ls £«■ 

Iff 

<£*' - = (o. $25 + 0 .S^Sos Zfi 


fcgV _ _ _ t £ _ 

V" rCo.SZ$+0 ,32 sr etc-s *1*0 


V* “ - 3oo - O.Soo i~, 

t * 6 */C>- 3 »*i»u E “ ZOO *10* f CL) f„, r 180 xlQ'*' 

ft - /g° 

80 »/Q" C ) = j ^ if 1.1 *./ 0 b pjj 

' (0.3<io )(0.525-+0.3^ wi 3f) 

p = UU3I HPft, 
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Problem 7.155 




7.155 Solve Prob. 7.154, assuming that the gage forms an angle = 35° with a 
horizontal plane. 

7.154 A single strain gage forming an angle jl- 18 ° with a horizontal plane is used 
to determine the gage pressure in the cylindrical steel tank shown. The 
cylindrical wall of the tank is 6 mm thick, has a 600-mm inside diameter, and is 
made of a steel with E = 200 GPa and v = 0.30. Determine the pressure in the tank 
indicated by a strain gage reading of 280/t. 


s; - s; _ ^ Sy - 

F.y = 4-lfc - \ ^ h - 22 N ^ 



* 



- 

0.S5 

g; 

e 

%-= 

i 

C 4 I 

- 

O.?o 

Sc 

E 

^Xy 

~ c *y 
& 

- o 


O/'iitw HoUs "'fzw » 

Ewt ~ -kCSr+Sj) * O.S2S &*■ 

R- r O. 2>ZS 2k 

** G 

~ £*«/«.+ Qco% 2$ » (o.tts + O.SZScoiVfi)-- 

Cm 

_ £6V _ * _ t g Ey' __ 

p v* rCo.szs'+o, 32r*®s2/8') 


DcA a, 1 r - ~ - 3oo - O. 3oo w, 

t" &*to' s * E^oox/o’ Pa e x - s 2.80*10* 

(6 - 35° 

P - '* /? /Q"'[ (? »> « /Q - ‘ *i = p, 

r (O_3oo)(o.sr;is + 0.3^5 COS 


p - 1.7C I HP,^ 
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Problem 7,156 



(<k\ 


- 




-£-(< 5 *- V6;)r 


i (** 




7.156 The given state of plane strain is known to exist on the surface of a machine 
component Knowing that E — 200 GPa and G = 77.2 GPa, determine the direction 
and magnitude of the three principal strains (a) by determining the corresponding 
state of strain [use Eq. (2.43) and Eq. (2.38)] and then using Mohr's circle for strain, 
( b ) by using Mohr's circle for stress to determine the principal planes and principal 
stresses and then determining the corresponding strains. 


&» * 0 , Gj * 

E - Zoo * lo* Pa. 

& 


- 75 Pa 


& - 7 7*^7 Pa. 


^ ~ - I - 0- H?87 


f jo 4(0.2'78?)^f50 s|o*")] r ^ 

2^770-T l ^ ISO*/© - ) - o] = - 750/V 


Joo M/O 
I 
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Problem 7.157 


i he 3^ p>*i AC i 

M is - o 


7.157 The following stale of strain has been determined on the surface of a cast-iron 
machine part: 

e x - - 720 p e y = -400 ft y v = t-660 /i 

Knowing that E~69 GPa and G = 28 GPa, determine the principal planes and principal 
stresses (o) by determining the corresponding state of plane stress [use Eq. (2.36), Eq. 
(2.43), and the first two equations of Prob. 2.73] and then using Mohr's circle for stress, 
(b) by using Mohr’s circle for strain to determine the orientation and magnitude of the 
principal strains and then determine the corresponding stresses. 


r * £_ _ J=_ 

_E_ £?__ - ... . 

j -(o.azif * 


- 1 r 0.7 321 


= 72.1^ 6P<*. 


~ ( < e / + vEj) - (l7. c r^y\o^)\~77axio~ c +- (o.C?32^-rH«o *io" t )~} 


= - 51. 7.B MPf. 


+ * (n.'iSx/o'’) [~ Hoo*ld‘+ (o,2lZl)(~72o*fo~ c )] 

~ - HI. 36 MP« 

Zfj - GYlj ~ (ZB*)o 9 Y& 6 o*io~ £ ) - is. mp* 





S(MPq) 


it (m ) 



£(m ) 


6^ - 3 Cs; + <s; ) «■ - 553.33 MPq 


5 - 
b “ 


ten- “ - 3. OC 2S" 


- - CH. /* & b = - 35.1 * ^ -- 5-7.7' 

R:]¥j^7^C - 20.^4 MPa 


6i,= + R 

6^-G 


6 V --21.3 MP«~ 
61 M Pa. 


(bl 5 avt “ -5 f ~ ~ 5 &o ^ 


Y' 

hk<* 2& b - -~ - 2. 0625 


19^-CH.r } d b c-33.l* G^Sl.P' 


fi= 


3QC.1H '/{ 


9Y- *- R s-fH^.acv^ 

Gw= pijr + <S*.=r - 21.8 HP*.’ 

(S ‘b r T^ 6L * - 7o.H MIV 
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Problem 7.158 


1.8 MPa 



7.158 The grain ofa wooden member forms an angle of 15° with the vertical. For 
the state of stress shown, determine (a) the in-plane shearing stress parallel to the 
grain, ( b ) the normal stress perpendicular to the grain. 


- ~ 3 MPa 


^ s - 1*8 MPa = O 

- 2A MPa 


PjpHgek points Z 

X: (6^-%,) 9 (-3Mp*,0> 

Y* (<% a MP*, o) 

c: kjO) 


Q = - hT 


20 • -3o" 




CX * 0.6 MPa. 


£ = 0.6 MPa. 


^3 (MPa') 


& (K><0 


CeO tiy - -CX's/nSo r _ R s ;« 3o* r - 0 . 6 S.V, So* r*y- 


(V> 6;* - - CX'«*3o* S -2.M - 0.6 eosSo* 


St'S-m MPa 


Problem 7.159 



7. 159 The centric force P is applied to a short post as shown. Knowing 
that the stresses on plane a-a are ir = — .105 MPa and r = 35 MPa, determine 
(«) the angle ft that plane a-a forms with the horizontal, (h) the maximum com¬ 
pressive stress in the post. 


g; = o 
X = O 
Sj -- - P/A 



i 

A 

f' x* 


Fr £> K-> iUf Maine's circle. 



~T/7M jT 


> t*-* fi T JZ&' 33S3 Z 3 " T*- q 

-S’ “ ^ * 5a" Cos ‘ ^ 

/M J£ - 

- A i + 44,3 -2/a | + cos 

£ * MPa 

A 
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Problem 7.160 



7.160 The steel pipe AB has a 102-mm outer diameter and a 6-mm wall thickness. 
Knowing that arm CD is rigidly attached to the pipe, determine the principal stresses 
and the maximum shearing stress at point H. 


v\ _ do _ 1 0 1 r- t 

1 0 - - —pj— - I *-w 


fli - r .-1 = VS. 


150 utm 


l 1 0h 

T - M 


h Kr^y 


<T - | If *") - 4. i85S*jo e 

= \%ss*l 0 ' c ‘ h-F 

I - isT - 2 . 0*11 m* 

Force *..1 ce^le^ 0 -f 4oke 

■fKe cond'AtVwvk^ po/n'tv H a^J K. 

r v ~ io */o* n 

My- Uo«IO i )(2oo*IO~*') ~ 2000 t\/-hv 

M 2 - -(/OK/o" s )(/St>' , /o~ J ) = - ISoo W - m 

h t 7000 hJ -<~' irfit 

» - -S'! *tO‘ Z ha < 1 H M v 


rf - Tc. . (zoooysi»io~' 
hr J ” *-iss<r» to-* 


2 *. 37* IQ* Pa. 



Skgor 

F^ 3€»m‘ eiVeie A r -f M y - jJF P 

Q.* Aj^ Sir* 


a - a 0 ~ q. 


A/' s 

*a 1 r> •> 


'* -3 ' ° ~ 3 


2?.£SH*/o’ 
37. GSM * to~ t 


V - F* - ioxlcyy t - text***.) - 12/^/O'V y-v 

r - _ I, nlv io* ft flT 

^ ( 2.0427 »icr L )(l2 Ho'* ) " ■ * * L 

6gn»l> - Pot’nl id Aea 0 ^ axis, 6y ~ O 

Hi*# si MSset at paiVf hi ' $>x - O ^ ~0 

r*y * Wil'lO* + H.07*lo G = *lo c pa, 

6^« - £(£*„ +&j): O R - 7(^ )*■+ ^ - 3S\ SM wo 4 1>A 


6^. - <SU + R - 3-5. 3*7 - IO* Pa 

6A;„ - 6^, - R - -3 S.39*'o 6 Pa 


S^SS.H MP« 
6”^---3S-.4 MP<, 


-r* - 1? 

L mm*, ' 


* 35;‘/KP* 
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Problem 7.161 


7.161 The steel pipe AB has a 102-mrn outer diameter and a 6-mm wall thickness. 
Knowing that arm CD is rigidly attached to the pipe, determine the principal stresses 
and the maximum shearing stress at point K. 


2(H) mm 



150 inm 


r D ~ f - ~* si»~ ft - r .-1 - 4s ~~ 

jr »ioV»4> <u«fSv/o c 

X * isf - 2.b<iTl *io- c 

f-Lvce - luvft f e sysle** 4 ce^ley ol iVv He 

p l&n C C-Ort - ! gtiVUW^ pOi * -K M dJ K 

F* - 10 kN • lo*lo 3 hJ 

Mj ~ (Id*io % )(2oO''/c>~ 3 ) r 2.000 

M l - - (loWo'XlSo* to"’) •* - Isoo N -t-v 


H k 


At p £>f * pHee $ac*-$ /•» 

ftcyajf'it/c z - sJ*Ve«,l i evt 


T = M v " 2ooo M- 


c s ^ 


_ Tc. 


;ooq)(5/s/o'~ 
4./853 M©‘ 


24.37 Wo‘ P* - 24.3? WpA. 


v«yse * Sir*s s else h> si/eyse ske*.* r \J ~ Fr is 4 pf. K. 

BeU.'n^: IFjH * (/ ^o^ wo' ^ r 36.SG^IO C ?& - 36.^6 M Pa 

Pc»i '4 on Cor^yeSStoi^ 54 e oT Heultc <4 A/*.t S * ~ " MPa 

Tn-FJ siresses 4 pojyf K ; G x - o - “36.5€» MPa } 7^ -24.37 MPa 

64* * It (S'* + <5^ ^ ~ - 1 2,22 MPa 


r , -/ (%£< )* * r,' 


30.46 MPa 


G a * + 'R - - I8~W + 3o.46 


64* - 6*^t - R 


18.78 - 30.44, 


6^- ft.|« HP* 
C^-48,7 HP« 
tUd= 30.S M Pa 
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Problem 7.162 


7.162 Determine the principal planes and the principal stresses for the state of plane 
stress resulting from the superposition of the two states of stress shown. 



r + "R - + 61 cos £> 

- 6w - R * 61 - 6" Cos 9 
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Problem 7.163 


7.163 For the state of stress shown, determine the range of values of OXox which the 
magnitude of the shearing stress t x y is equal to or less than 40 MPa. 







S, ? - go MPol S, - o 

t'j - 30 MPa, 

fiw - i <&♦£, } * - Ho MP<e 


■QzSLy + 


- yC-Hpf -t 30*- - iro MPeu 

2e>* *• 5 - O.TS" 

' * ' 6*-<% -BO 

20 p - - 36. X?o “ 
e b - - /8. 43S° 

\fy\ * Ho M P* -Po/' specie % oP spvtss 

coir/'es^oodin<5 H8K 

UAV. oP HoK^'s ci /'c/e. T/i« 
ex** i« cp i«. CCticJ $ <*A<z<A iVo *V> 

R s/o s 4-0 
no 

Sia ^ ^ 0.8 


2.Cp - S'S.tSo* 


- 26. SOS 


0M “ G b ~ <P - ~ IS*43S“- ZG.SCS 


© < - 9 b * cj> 


- IS.43S+ 26.SO? 


G u * e « + £? °‘ 


Gv r 9k * Ho c 


IV 


Pe/- 6iS5« Lit petio^CSi op €) 


G h « 9^ Q< 

- 4S* * 9 sr S-13° 

©t> ^ © ~ Q-v 

Hs° s' © S’48* i3‘ 


Aiso, I3S" « e £ m. i3 Q 
225** < 9 < 273, lS‘ 
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Problem 7.164 


7.164 For the state of stress shown, determine the value of r xy for which the maximum 
shearing stress is 80 MPa. 



120 MPa 


6f* = 120 MPa * 70 MPa 

6^ - ^ (A,* Sj ) = 95 MP* 

* 25-MFk 

Assume <SL« = O . 6L* T 2"ZU<. * /4C MP« 


GT« - 6_ » 6U + 12 
R*~ ^ < 


R - - 6*.*. 


! 6o - 96" * GS MP*v 


r« - *■•-(%£)% «*-3s' - so* 


T.J * ± CO 

6T b - 6^ - 21? * 16o - 13o * 3o MP*. ^ o 


TJ CnPa) 



~ ± 6<?.o M/’a 


h*?*S\ 
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Problem 7.165 


(-—•7.5 ns - H 



15 ill 


7.165 When filled (o capacity, the tinpressurized storage tank shown 
contains water to a height of 14.6 m above its base. Knowing that the lower 
portion of the tank has a wall thickness of 16 mm, determine the maximum 
normal stress and the maximum shearing stress in the tank. (Density of 
water 9810 N/m 3 .) 


s = (too 


T 


~ A~ t - i(7 £oo) - fy * *7*4 mtw 

r , vt r „ 3il4 


MP4 



6^ 44 -p - ~I4hik.r* t * fk* 6 MpC* 
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Problem 7.166 





7.166 The compressed-air tank AB has an inner diameter of450 nun and a uniform 
wail thickness of 6 mm. Knowing that the gage pressure in the tank is 1.2 MPa, 
determine the maximum normal stress and the maximum in-piane shearing stress at 
point a on the top of the tank. 


= i J = 225 


r = ^ 


t * 6 


e, * ?' P y> - w hp. 

f5kN * 2t ~ 

500 turn'll 

Tc?v^sio»i * Ci - 225 mm j C t " 225 + 6 ~ 231 'nw 

Or “ (c/ - C, 4 ) - ‘i'i&.l X| O 6 .<? x/cT 4 m* 

T - (5v/o s )C5^McT s ) - 2500 A2-m 

^ „ Tc (2Soo)(23|xlo* s ) . 6. ^ 

^ - jr = - tNC \ xto-^ ' r l.^2v/o pee - L 2^2 MPa. 

• 't - L> cd p^i" cu. 

Sen > X 3 ^ X * 2235S ^/o ^ rn* ^ CL- 23i*/o’ i rwt 

M CL M = (S'x/u' i )(7S'OxlQr*) - 375*0 


_ Me ~ (375-Q)( Z-hj X lor±) 
I 22^4f xfo- & 


- 3*3$ MPa. 


TV-MX sfnessfcS (mPr.) 

Un^ioJinA) : (v - 22-5-f 3.38 - 2£.38 

CircJ m-fe.ser^u9 - 6J, = ¥5" 

Stie£L> r » ~ /„ 2^2 

6T - T^+S'y'l 35. £? MP*. 


)*■ + xj 


T. Mfte 


Cw - 6L« + & = 35VC9 4 *7. 4c 
^m;6k-,UW) * R 


6^- «s*.l MPa -* 

2V«tov- f iA«o - T'fo MPa. * -53 
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Problem 7.167 


3 mm 



50 mm 

100 mm 


7,167 The brass pipe AD is fitted with a jacket used to apply a hydro¬ 
static pressure of 3.5 MPa to portion BC of the pipe. Knowing that the 
pressure inside the pipe is 0.7 MPa, determine the maximum normal stress in 
the pipe. 

le.4 V s lee 4tre Pa-dius o'? i-tve 

V s •= £( *£> " 3 ) - 23’S M M 

D© ©urf el * s4»vwju» Ts k govto* iVi©u4?«* 


pipe "t - itntu 

bofcQti oA ln*{? -s^vess 






~ C 7 

61 ~ (*)t n 


H 


Ot> 1 


s+v-e 


■SS 


6- - CfiXiti) 

^a. ~ 3 


< 5 ^ ~ - a./'*) MPa 


^ - J-7 4-/1Pq 

6- * &T - Eal 

*■ ± t 

(3-5 

5 

6~^ r */..? M/5, (eo*^piN»s *’ovt ^ 
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Problem 7.168 


7.168 Determine the largest in-plane normal strain, knowing that the 
following strains have been obtained by the used of the rosette shown: 

e, -50 X 10. 6 mm/mm e 2 - 4 360 X 10" 6 nmi/min 



£„ Sos' $ s + Zj -Siw^S, -t V X y 5/'« & t CoS O t ~ 6, 

0~S £ x 4 O.Sfy 4 O.SYrj - ~Sox/oT‘ (0 

£* CoS + €y & z + Yny S('o C43.S “ E z 

O.S £* 4- o.s - 0.5 Yl* - Sco * }CT C (s') 

E* COS* 4- fj SifY Oj + T^. SiVi Ce>.s 6^ ~ €$ 

Sx 4 Q + o - 3'S' > /o' 4 (3) 

h v'Ofv-i ( 3> ) f y - 3 /S’ * /O ♦vv tv\ j fv\ tV\ 

- Yf. (?) T XJ = -So*(o'^ ~ Z&O x/o'* - -4/0 *10"* Iw tv,^ in 
&» 0} + £ f r*) + Ej - e, + e* 

- E s + E z ~ E y ~ -So*to c j- 3£>o»lO~* - S/S^io* ~ ~S*/o (wiw^iw«} 


^4tr« " x (f* + £j ) ' / 53" X 10 bei»\| ( -K j-,.. 
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PROBLEM 7.C1 







7.C1 A state of plane stress is defined by the stress components a x , <r r 
and t x y associated with the element shown in Fig. P7,Cla. (a) Write a com¬ 
puter program that can be used to calculate the stress components <r x -, try, and 
r lV associated with the element after it has rotated through an angle 6 about 
die z axis (Fig. P7.Clf>). (b) Use this program to solve Probs. 7.13 through 
7.16. 

*«Of UTION /-VP O Co 'P'S '-'M - J 


SOLUTION i 

foh-VjfW- 

££>'?'&). f '-W'V, 


,• tt, ^ AMP & 

P&PVT \/PLl&S (tefi Of I ) AhJ 


%- ^ e* t* - 


■7. —^ cos^" IZp&t* 
2 


<&-05 


S/A /a J-‘%L£c>sa» 



60 MPa 


Problem 7,13a 

Sigma x «• -60 MPa 
Sigma y = 90 MPa 
Tau xy * 30 MPa 

Rotation of element 
(+ counterclockwise) 
theta = -25 degrees 


Sigma x 1 =* 
Sigma y* = 
Tau x 1 y * w 


-56.19 MPa 
86.19 MPa 
-38.17 MPa 


Problem 7.13b 

Sigma x = -60 MPa 
Sigma y ». 90 MPa 
Tau xy = 30 MPa 

Rotation of element 
(+ cotinterclockwise) 
theta a 10 degrees 

Sigma x' a -45.22 MPa 
Sigma y * 75.22 MPa 
Tau x'y' » 53.84 MPa 



50 MPa 


Problem 7.14a 

Sigma x = 0 MPa 

Sigma y = -80 MPa 
Tau xy * -50 MPa 

Rotation of element 
(+ counterclockwise) 
theta = -25 degrees 


Sigma x' 
Sigma y* 
Tau x'y* 


24.01 MPa 
-104.01 MPa 
-1.50 MPa 


Problem 7.14b 

Sigma x * 0 MPa 

Sigma y = -80 MPa 
Tau xy » -50 MPa 

Rotation of element 
(+ counterclockwise) 
theta = 10 degrees 

Sigma x' * -19.51 MPa 
Sigma y' = -60.49 MPa 
Tau x'y' « -60.67 MPa 


CONTINUED 
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PROBLEM 7.0 - CONTINUED 


P&g&ni* Outset 



Problem 7,is a 

Sigma x = Ai/'g 
Sigma y « 

Tau xy = - 4 .*. m Ai 

Rotation of element 
(+ counterclockwise) 
theta » -25 degrees 

Sigma x' - 

Sigma y' = -‘14./MPa 

Tau x'y' = 


P roblem 7. 15b 

Sigma x = £*T->mAj 

Sigma y = 

Tau xy * -42 

Rotation of element 
(+ counterclockwise) 
theta = 10 degrees 

Sigma x' = 37*4- 

Sigma y> = MP^ 

Tau x'y* . A)At 



Problem 7,16a 

Sigma x = 0 MP*t 

Sigma y * /r<£> 

Tau xy = 35 “MAh 

Rotation of element 

{+ counterclockwise) 
theta =■ -25 degrees 

Sigma x’ = —/L'SPtfk 
Sigma y* » 72 -S Mfit 
Tau x’y’ = 


Pr oblem 7.16 b 

Sigma x = 0 MP 4 

Sigma y = 34 , Mpsi 

Tau xy = -35 MP 4 

Rotation of element 
(+ counterclockwise) 
theta = 10 degrees 

Sigma x’ «* tflPc\ 

Sigma y’ = MPa 

Tau x'y' = 4**6 MPa. 
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PROBLEM 7.C2 


7.C2 A state of plane stress is defined by the stress components a x , cr y , and 
t xy associated with the element shown in Fig. P7.C!«. (a) Write a computer 
program that can be used to calculate the principal axes, the principal 
stresses, the maximum in-plane shearing stress , and the maximum shearing 
stress. ( b ) Use this program to solve Probs. 7.5, 7.9, 7.68 and 7.69. 





. - 


SOLUTION 

(Q.fan) 


C*- 5 * 5 - : ff-| l&sOfr x. 


>-<r a )2 ~ -t. 

H. 7 




fC/p.ll) 

& - to,*' 





£F.(?-iS) 



//=* ^ P'0 CUt t<7 

^(V 

~**r,in <0 ’ 



(Jtt-plane) = R j ~ ^ 

jF C 7? IFO >0 ’ 

' 'THQy. _ 

RRi a-y(i n - R 3 of- pl&he^~~ p ^rTray 


IF (77 cc, Ofy>p <rj~ ^ a : 

_ 'VfUn 


7 * 6V \ 2^<ry (6ut-^fkr,ey 


Pt?Q£Hf\F OVTPOT 

Problems 7.5 and 7.9 


35MPa Sigma x * -60.00 MPa 

, Sigma y ■= -40.00 MPa 

JfiOMPa Tau xy = 35.00 MPa 




Angle between xy axes and principal axes 
( + counterclockwise ) 

Theta p = -37.03 deg. and 52.97 deg. 

Sigma max = -13.60 MPa 
Sigma min = -86.40 MPa 

Angle between xy axis and planes of maximum in-plane shearing stress 
{ + counterclockwise ) 

Theta s « 7.97 deg. and 97.97 deg. 

Tau max (in plane) = 36.40 MPa 

Tau max =» 43.20 MPa 


CONTINUED 
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PROBLEM 7.C2 - CONTINUED 

VI 



Problem 7.68 

Sigma x » 140.00 MPa 
Sigma y ~ 40.00 MPa 

Tau xy * 80.00 MPa 

Angle between xy axes and principal axeB 
( + counterclockwise ) 

Theta p = 29.00 deg. and 119.00 deg. 

Sigma max = 184.34 MPa 
Sigma min = -4.34 MPa 

Angle between xy axis and planes of maximum in-plane 
in-plane shearing stress ( + counterclockwise ) 
Theta s = 74.00 deg. and 164.00 deg. 

Tau max (in-plane) = 94.34 MPa 

Tau max (out-of-plane) = 94.34 MPa 


Sigma x = 140.00 MPa 
Sigma y = 120.00 MPa 
Tau xy * 80.00 MPa 

Angle between xy axes and principal axes 
( + counterclockwise ) 

Theta p = 41.44 deg. and 131.44 deg. 

Sigma max = 210.62 MPa 
Sigma min = 49.38 MPa 

Angle between xy axis and planes of maximum in-plane 
in-plane shearing stress ( + counterclockwise ) 
Theta s = 86.44 deg. and 176.44 deg. 

Tau max (in-plane) = 80.62 MPa 

Tau max (out-of-plane) = 105.31 MPa 


Problem 7,69 

Sigma x » 140.00 MPa 

Sigma y■* 20.00 MPa 

Tau xy = 80.00 MPa 

Angle between xy axes and principal axes 
( counterclockwise ) 

Theta p ® 26.57 deg. and 116.57 deg. 

Sigma max = 180.00 MPa 
Sigma min <* -20.00 MPa 

Angle between xy axis and planes of maximum in-plane 
in-plane shearing stress ( + counterclockwise ) 
Theta s = 71.57 deg. and 161.57 deg. 

Tau max (in-plane) = 100.00 MPa 

Tau max (Out-of-plane) = 100.00 MPa 


Sigma x » 140.00 MPa 
Sigma y = 140.00 MPa 
Tau xy -= 80.00 MPa 

Angle between xy axes and principal axes 
( + counterclockwise ) 

Theta p = 45.00 deg. and 135.00 deg. 

Sigma max = 220.00 MPa 
Sigma min *> 60.00 MPa 

Angle between xy axis and planes of maximum in-plane 
in-plane shearing stress ( + counterclockwise ) 
Theta s = 90.00 deg. and 180.00 deg. 

Tau max (in-plane) = 80.00 MPa 

Tau max (out-of-plane) » 110.00 MPa 
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PROBLEM 7,C3 




X ’J 


f" A 



7.0 ( a ) Write a computer program that, for a given state of plane stress and 
a given yield strength of a ductile material, can be used to determine whether 
the material will yield. The program should use both the maximum 
shearing-strength criterion and the maximum-distortion-energy criterion. It 
should also print the values of the principal stresses and, if the material does 
no yield, calculate the factor of safety. { b ) Use this program to solve Probs. 
7.81, 7.82 and 7.165. 


SOLUTION 

p!Z/Hc/pr>i~ - 

i 

^vt +~ R 
= R 

Mbt/MpM ~ XvgA ft / a '<S~ £tK£SS C Si Ti-ftfoN ^ 0^. 

if <Q #HD T a +*** SVC"; ^ 

/F '7p r>0 ^ > /y^ occurs 

!F "C 7fj /V4> OCC r uQ$ i SHND 

or: <S*FZ=-rr - - .— ■ - . 


ocooflS, 


Mmt OM- 7VQ/V- PFp/26 Y 0(1} T£rft)ort 

COMPini' RftWCfiL =\j %L Z ~~ 

IF /BfiOtcAL > cr^ Ytpu?r/y<S £JC<zuef 

//=r RftOtcAl < //r3 Y/fW/Ud OCC 0*5, AW 

rtcT-M emirery- ~ l PL^L 

/-'W /?» Aa TPU T 



°ii = 200 MPa 
1.00 MPa 


Problems 7.81a and 7.82a Yield strength = 325 MPa 

Sigma x = -200.00 MPa 
Sigma y = -200.00 MPa 
Tau xy = 100.00 MPa 

Sigma max •- -100.00 MPa 
Sigma min « -300.00 MPa 
Using the maximum-shearing-stress criterion: 
Material will not yield 
F.S. = 1.083 

Using the maximutn-distortion-energy criterion: 
Material will not yield 
F.S. = 1.228 


CONTINUED 
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PROBLEM 7.C3 - CONTINUED 



Problems 7.81b and 7.82b Yield strength * 325 MPa 

Sigma x « -240.00 MPa 
Sigma y * -240.00 MPa 
Tau xy « 100.00 MPa 

Sigma max = -140.00 MPa 
Sigma min = -340.00 MPa 
Using the maximum-shearing-streBS criterion: 
Material will yield 

Using the maximum-distortion-energy criterion: 
Material will not yield 
F.S. = 1.098 



Problems 7.81c and 7.82c Yield strength = 325 MPa 

Sigma x = -280.00 MPa 
Sigma y = -280.00 MPa 
Tau xy » 100.00 MPa 

Sigma max « -180.00 MPa 
Sigma min = -380.00 MPa 
Using the maximum-shearing-stress criterion: 
Material will yield 

Using the maximum-distortion-energy criterion: 
Material will yield 



Problem 7.165a 


Yield strength » 210 MPa 


Sigma x » 168 Mfa 
Sigma y = <f$ MPa 
Tau xy * 42 MPa 

Sigma max = l&l- 7 MPa. 

Sigma min * 18-i MPq 

(a) Using the maximum-shearing-stress criterion: 

Material will not yield 
F.S. * 1.119 

(b) Using the maximum-distortion-energy criterion: 

Material will not yield 
F.S. = 1.286 


98 MPa 


Problem 7.165b 


Yield strength * 210 MPa 



Sigma x *= 168 MPa 
Sigma y = 7^ MPa 
Tau xy = 84- Mfh 

Sigma max = MPa 
Sigma min = 4-2 MPa 

(a) Using the maximum-shearing-stress criterion: 

Material will yield 

(b) Using the maximum-distortion-energy criterion: 

Material will not yield 
F.S. « 1.018 



Problem 7.165c Yield strength * 210 MPa 

Sigma x = 168 MPa 
Sigma y * 4? MPa. 

Tau xy * °18 MPa 

Sigma max *> 237*/ MPa 
Sigma min a MPa 

(a) Using the maximum-shearing-stress criterion: 

Material will yield 

(b) Using the maximum-distortion-energy criterion: 

Material will yield 
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PROBLEM 7.C4 



7.C4 (a) Write a computer program based on Mohr's fracture criterion for 
brittle materials that, for a given state of plane stress and given values of the 
ultimate strength of the material in tension and compression, can be used to 
determine whether rupture will occur. The program should also print the 
values of the principal stresses. ( b ) Use this program to solve Probs. 7.89 and 
7.90 and to check the answers to Probs. 7.93 and 7.94. 


SOLUTION 

pp 11-/ C./PAL. 


sr'rn.e ss&s 


<r~ = 

ove 


Z 


R- 










: <T" -j-R 


mom's FKticru&e 4 / 2 / 7 ^^^ 

IF VZ FHO ^ SUN, fit HP 

<T b < 1^- f AO FfHZUfZF 


/r 


OR 




ff/lupf 


IF T n >0 fv>0 (T<0 % 


a. 


C°HSiV££ FbHRrtt- uflpgfwr of /jig, 7,4*7 



FoQ FO Rl/PTVRt -TO OCCOAi 

PO/A/r tvZjtq) L/£ W/7PW 

Mof-tp's p/vvetcjpB C FiFy.yy) 


Uc. 


r 


%c_ 

Tur 


( F T b > cprrcR'**? 

TF£H RoPTOrct 'OCCOFS 

/ F J7< CXHTFPIOHj 

t /V NO FF0P7V Pit O OCUF S 


OUTPUT 


Problem 7.89 Sigma x - Up Mf>* 

Sigma y * -iosmpo 
Tau xy ■ 63 Mp4 

Ultimate strength in tension - 7* MPA 
Ultimate strength in cotiq>ression * a-io MPa 

Sigma max - Sigma a Ai-ibMPa 
Sigma min * Sigma b - hju MPa 
Rupture will occur 


CONTINUED 
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PROBLEM 7.C4 - CONTINUED 



14 MPa 


Sigma x 
Sigma y 
Tail xy 


GG MPa 


Problem 7,90 Siam* v . - S6 MPa 

0.00 MPa 
- 4? MPt r 

Ultimate strength in tension = yoHPt 
Ultimate strength in compression « z/cMP a 

Sigma max » Sigma a zS-Pz Mfq 
Sigma min - Sigma b - S^-ct-z uppa 
Rupture will not occur 


To CUBck /}AJSU>J?#£ to T-OILO U 1 /N& Ptlo&iMAiSj \V£ CtffcK Fo/Z 
FOpTuRE oaf-jo Aftfaiens. * no An AOJnc^y- y^ioe. 



56 jMl’fi #NSV*e2! 


ROPTvrtT OCCURS FOR ' 25-1 PI fa 


Problem 7.93 Sigma x « S$hPa 

Sigma y * 0.00 MPa 

--► Tau xy •> 2 S 1 MPa ■*— 

Ultimate strength in tension <= 7 oMfa 
Ultimate strength in compression « itimz* 
Sigma max « Sigma a »?<, 

Sigma min * Sigma b - lotoi MPa 


Rupture will not occur 


Sigma x *■ S(>MP« 

Sigma y = 0.00 Mp 4 

-►Tau xy « 25-7 Mfy ■*— 

Ultimate strength in tension ■ 7 0 MP 4 
Ultimate strength in compression = 

Sigma max * Sigma a U‘08mP« 

Sigma min * Sigma b - ig,„g 
Rupture will occur 


80 MPa 



flu SC» en. i 
Roprvpp occu/zs 


£2* Z~ YZ/mpp 


Problem 7.94 


Sigma x 
Sigma y 
-*■ Tau xy 


-80.00 MPa 
0.00 MPa 
49.10 MPa- 


Ultimate strength in tension «■ 75 MPa 

Ultimate strength in compression « 150 MPa 
Sigma max - Sigma a ► 23.33 MPa 

Sigma min = Sigma b = -103.33 MPa 
Rupture will not occur 


Sigma x ■ -80.00 MPa 
Sigma y = 0.00 MPa 

—j*-Tau xy - 49,20 MPa-*— 

Ultimate strength in tension * 75 MPa 

Ultimate strength in compression = 150 MPa 
Sigma max - Sigma a = 23.41 MPa 

Sigma min * Sigma b - -103.41 MPa 
Rupture will occur 
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PROBLEM 7.C5 


7.C5 A state of plane strain is defined by the strain components e x , e y , and 
associated with the x and y axes, (a) Write a computer program that can 
be used to calculate the strain components e x ‘, ey, and y x y associated with the 
frame of reference x$> 'obtained by rotating the x and y axes through an angle 
6. ( b ) Use this program to solve Probs. 7.129 and 7.131. 

SOLUTION Fc>Ll~c>i>Q>h<£ 


£<$[?.*+) 4 - cos 20 SmZo 

JP2.l7.vs) ■ sr»Z& ~zKs Cos2& 

jr* - -fc,- ** & 

Mb 

J® 7§ * * 

PfflHT VOIUES CtS7%l»*!> Fbte fr' £ u . e\no Y* 

- *7 y I y 

OUTPUT 


Problem 7.129 EpBilon x = 240 micro meters 

Epsilon y = 160 micro meters 

Gamma xy = 150 micro radians 

Rotation of element, in degrees ( + counterclockwise ) 
Theta = -60 degrees 

Epsilon x' = 115.05 micro meters 

Epsilon y'« 284.95 micro meters 

Gamma x’y' = -5,72 micro radians 


Problem 7.131 Epsilon x ® 0 micro meters 

Epsilon y » 320 micro meters 

Gamma xy = -100 micro radians 
Rotation of element, in degrees { + counterclockwise 5 

Theta ■ 30 degrees 

Epsilon x'= 36.70 micro meters 

Epsilon y'= 283.30 micro meters 

Gamma x'y' = 227.13 micro radians 
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PROBLEM 7.C6 


7.C6 A state of strain is defined by the strain components e x , e y , and 
associated with the x and y axes, (a) Write a computer program that can be 
used to determine the orientation and magnitude of the principal strains, the 
maximum in-plane shearing strain, and the maximum shearing strain, (b) 
Use this program to solve Probs. 7.136 through 7,139. 

SOLUTION P£Q6(?PrM £c>l l.C> Ki £~GtfjffT/ai\i( 


fa . 

£ . = e ft? 

<sv«_ 


'£x -'^hN 2 ' . 


£ x- £ 

, Mve 


£H&<He.W4 STRfUHS 






/rffiyirntSM M-pyflHB .jTT/J/?/) r2i»i> 

f , 

'M&y-lln - fi/o. 

CfUcuLfire r>ur~oF~fjs>N* SPeaeim As/e> 

biHfrmf?. ) 7 LC 77/£ A £772*/* 

£ — e: 

IF £*.>*< >^J 

‘ F **>£*>% s 

l F '4'^ 


Problem 7.136 Epsilon x = 30 micro meters 

Epsilon y = 570 micro meters 

Gamma xy = 720 micro radians 

nu = 0.333 

Angle between xy axes and principal axes (+ =» counterclockwise) 
Theta p = -26.57 degrees 

Epsilon a = 750.00 micro meters 

Epsilon b = -150.00 micro meters 

Epsilon c = -300.00 micro meters 

Gamma max (in plane) = 900.00 micro radians 

Gamma max * 1050.00 micro radians 


CONTINUED 
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PROBLEM 7.C6 - CONTINUED 


Proble m 7.137 Epsilon x >= 160 micro meters 

Epsilon y * -480 micro meters 
Gamma xy = -600 micro radians 
nu = 0.333 

Angle between xy axes and principal axes {+ = counterclockwise) 
Theta p = -21.58 degrees 

Epsilon a * 278.63 micro meters 

Epsilon b = -598.63 micro meters 
Epsilon c = 159.98 micro meters 

Gamma max {in plane) = 877.27 micro radians 

Gamma max = 877.27 micro radians 


P roblem 7.138 Epsilon x = -600 micro meters 

Epsilon y ■= -400 micro meters 
Gamma xy * 350 micro radians 

nu *= 0.333 

Angle between xy axes and principal axes {+ * counterclockwise) 
Theta p = -30.13 degrees 

Epsilon a * -298.44 micro meters 

Epsilon b » -701.56 micro meters 

Epsilon c * 500.00 micro meters 

Gamma max {in plane) = 403.11 micro radians 

Gamma max = 1201.56 micro radians 


Problem 7.139 Epsilon x « -260 micro meters 
Epsilon y = -60 micro meters 

Gamma xy * 480 micro radians 

nu » 0.333 

Angle between xy axes and principal axes {+ « counterclockwise) 
Theta p = -33.69 degrees 

Epsilon a = 100.00 micro meters 

Epsilon b = -420.00 micro meters 
Epsilon c = 159.98 micro meters 

Gamma max (in plane) = 520,00 micro radians 

Gamma max = 579.98 micro radians 
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PROBLEM 7.C7 


7.C7 A state of plane strain is defined by the strain components e x , e y , and 
y xy measured at a point, («) Write a computer program that can be used to 
determine the orientation and magnitude of the principal strains, the 
maximum in-plane shearing strain, and the magnitude of the shearing strain. 
(b) Use this program to solve Probs. 7.140 through 7.143. 


SOLUTION 


poiio wy/vx' £GvnTH>*>5- 


• <*’■'£. X 






£ ■= £ - R 


tQ (7.52) » US' .^. 

% 


■<.//£#$/vd s Maximov /n-piams j&yftiRtHt 


(ln-phne) 


£5$L.cLVLA7i? OUT-OP- PLAQf SJ'frtru/,/. f\///y C^BOi 

l IT is MWXtMOt* SMFn&iW 


le-r Cm C 









/A 


Kiur-OA-putoe^ C~C 

/F 


Cr~ ~ r 

IF 


tfavT-O^ - Pt-stm* ' Ce^~ 




Problem 7.140 Epsilon x ■ 400 micro meters 

Epsilon y « 200 micro meters 

Gamma xy = 375 micro radians 

nu = 0.000 

Angle between xy axes and principal axes (+ = counterclockwise) 
Theta p =* 30.96 and -59.04 degrees 

Epsilon a = 512.50 micro meters 

Epsilon b = 87.50 micro meters 

Epsilon c » 0.00 micro meters 

Gamma max (in plane) * 425.00 micro radians 

Gamma max = 512.50 micro radians 


CONTINUED 


www.elsolucionario.net 




PROBLEM 7.C7 - CONTINUED 


Problem 7.141 Epsilon X « -180 micro meters 

Epsilon y » -260 micro meters 
Gamma xy = 315 micro radians 

nu 0.000 

Angle between xy axes and principal axes ( + = counterclockwise) 
Theta p » 37.87 and -52.13 degrees 

Epsilon a = -57.50 micro meters 

Epsilon b *» -382.50 micro meters 

Epsilon c » 0.00 micro meters 

Gamma max (in plane) * 325.00 micro radians 

Gamma max = 382.50 micro radians 


Problem 7.142 Epsilon x - 60 micro meters 

Epsilon y = 240 micro meters 

Gamma xy = -50 micro radians 

nu m 0.000 

Angle between xy axes and principal axes (+ = counterclockwise) 
Theta p * 7.76 and -82.24 degrees 

Epsilon a * 243.41 micro meters 

Epsilon b = 56.59 micro meters 

Epsilon c * 0.00 micro meters 

Gamma max (in plane) * 186.82 micro radians 

Gamma max = 243.41 micro radians 


Problem 7.143 Epsilon x = 300 micro meters 

Epsilon y = 60 micro meters 

Gamma xy = 100 micro radians 

nu = 0.000 

Angle between xy axes and principal axes (+ = counterclockwise) 
Theta p = 11.31 and -78,69 degrees 

Epsilon a = 310.00 micro meters 

Epsilon b * 50.00 micro meters 

Epsilon c « 0.00 micro meters 

Gamma max (in plane) * 260.00 micro radians 

Gamma max * 310.00 micro radians 
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PROBLEM 7.C8 


7.C8 A rosette consisting of three gages forming, respectively, angles of 9\ , 
02 , and 0) with the x axis is attached to the free surface of a machine 
component made of a material with a given Poisson’s ratio v . (a) Write a 
computer program that, for given readings e \, q , and e 3 of the gages, can be 
used to calculate the strain components associated with the x and y axes and 
the determine the orientation and magnitude of the three principal strains, the 
maximum in-plane shearing strain, and the maximum shearing strain, (h) 
Use this program to solve Probs. 7.144, 7.145, 7.146 and 7.169. 


SOLUTION 

■??-/ -rc.3 } 

■ w=i/ 

sroive £Q$, foo) fc/i s **> X 





4r 

4' 4,,~ ^ ''o' R 


4* 


7/ 


!-V 




/«sa> - l J-. -t 4 

At 




snipFfn mi ^ 

Y , *2R 

(u>- plana,) 


CfilcULfi7-£ oor-liF-PLQhpr srrt* S* f 

fV*o cs/£cm tvu£TA/fn ir/g mp Maximus* 


P/P6&RM* OUTPUT 

Problem 7.144 


if : 




ly/y/munse 


X 


CjUt - OF-Pt-AMT 




Gage theta 

degrees 

1 -15 

2 30 

.3 75 


epsilon 
micro maters 

480 

-120 

80 


Epsilon x - 253.21 
Bpsilon y - 306.79 
Gamma xy *> -892.82 

Bpsilon a ** 727.21 
Bpsilon b * -167.21 
Gamma max (in plane) 


micro meters 
micro meters 
micro radians 

micro meters 
micro meters 
* 894.43 micro radians 


CONTINUED 
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PROBLEM 7.C8 - CONTINUED 


Problem 7.145 

Gage theta epsilon 

degrees micro meters 

1 30 600 

2 -30 450 

3 90 -75 

Epsilon x « 725.000 micro meters 

Epsilon y - -75.000 micro meters 

Gamma xy ■ 173.205 micro radians 

Epsilon a » 734.268 micro meters 

Epsilon b ■ -84,268 micro meters 

Gaimna max (in plane) - 818.535 micro radians 


Problem 7.146 

QSS&f?V£~ 3 93 

tfMO €y. -45 t& 3 

T*Jt VSU-u* OF £u TsMrtS. C>g. 

is tuso 7VJT <e&/tQ//v£ t/tl*?. 


Gage theta epsilon 

degrees mra/mm 

1 0 420 

2 45 -45 

4 135 165 


Bpsilon x = 420.00 mm/mm 

Epsilon y = -300.00 mm/mm 

Gamma xy * -210.00 micro radians 

Epsilon a = 435.00 mm/mm 

Epsilon b = -315.00 mm/mm 

Gamma max (in plane) = 750.00 micro radians 


Problem 7,169 


Gage theta epsilon 

degrees mm/mm 

1 45 -50 

2 -45 360 

3 0 315 


Epsilon x ■ 315.000 mm/mm 

Epsilon y = -5.000 mm/mm 

Gamma xy = -410.000 micro radians 

Epsilon a = 415.048 mm/mm 

Epsilon b = -105.048 mm/mm 

Gamma max (in plane) = 520.096 micro radians 
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Chapter 8 
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Problem 8.1 



8.1 A W250 X 101 rolled-steei beam supports a ioad P as shown. Know¬ 
ing that P - 180 kN, a = 0.25 m, and tr a11 = 126 MPa, determine (a) the max¬ 
imum value of the normal stress cr„, in the beam, (b) the maximum value of 
the principal stress <r„ ax at the junction of the flange and web, (c) whether the 
specified shape is acceptable as far as these two stresses are concerned. 

- ito 

IMLm, = Cl9o)(,0<2B^ > i - 4S PN Ai 

Vex \bl2S0 *101 raihA 5+e<?i $er+>' 
dl : A' Aw« lop ; 2t5"Jh\n\ h 

J* " UA-Vio 1, S* s /34eXW J Avw* 


/32 


- 45 kNh 


(eO 61 


- _ 4S-*tS 




“ C - tf ~ 

&„~ 36‘3 MPa 


6T fc = MP 4 

A.f — Wj- ^Lp - 5 oj 7 
r £ (z-*y b ) - /***' 


fn/n 

s 


Ap fafo 

- I Qt, _ (l 8 oWo*')( 6 tSX 2 t MO'*) 

^ ‘ Iltw _ (/m/o' < 'X> D " < n 

T? ♦ 11, = 


r v 


= 3^-77 MPa 


00 6. 
to 


+ U * 74^7 A7/°« 61 - 74-3 A/A 

s6_<s^C= / 2 <& MPa')jW 2 St x /«/ is £ - 
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Problem 8.2 



8.2 Solve Prob. 8.1, assuming (hat P — 90 kN, a = 0.5 in, 

8.1 AW250 X 101 rolled-steel beam supports a load Pas shown. Know¬ 
ing that P = 180 kN, a — 0.25 m, and ir. lU — 126 MPa, dctennine (a) the max¬ 
imum value of the normal stress cr m in the beam, (/>) the maximum value of 
the principal stress tr !0ax at the junction of the flange and web, (c) whether the 
specified shape is acceptable as far as these two stresses are concerned. 

iVl,^ * tokN 

- 00 tO-S 4 ) s. te kNtn 


v ,(kfJ 1 






Af " b f £p - 5c>l1 M/n 4 


Vor W zg o xioi si"e <‘2 S er'ff 

dl t ■2^4'Attr' bp - 2S~1 tnt*\ Ai/rj 

ll'°f tnh I * ~ U4-W 1, for? S* = 1240X(o 5 

c = ic/ - / 3 z tnft) ? c ~ fcf ~ //2>4taN 



IZ4* Xfp" fe 









r £ ~ izz,2tom 



(sib ” 

T' - 

Afj'p ~ usszi tnm z 

\ V[ K ^,Qt (Mmo* 

=1 4-12 MPa 




X„ to/ a 1 //*?) 





= /f-H M/V* 




(b) 


— ~ 31- b>+ MPa 


~ i! '4 Mfy 

—*al 

CO 


Si»w ^ 6^ C r MPa.')^ 

W 2So x t°l 

is GjCcep-faJofe . 
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Problem 8.3 



8.3 An overhanging W920 x 446 rolled-sted beam supports a load P as shown. 
Knowing that P ~ 700 kN, a = 2.5 m, and <tm = 100 MPa, determine (a) the 
maximum value of the normal stress a m in the beam, (b) the maximum value of 
the principal stress n m: „ at the junction of the flange and web, (c) whether the 
specified shape is acceptable as far as these two stresses are concerned. 

W u r 7oo 1<W ~ loo vie? N 
IM - (100 )(2.5) = L7JTx lo e A/- ^ 

Ftsr l4/ < ?2°*4 4£ totHaA hea.m 


n ' 






CM 

(P) 



$ mim ~ 4-2^ k-.k^ tip r 42,7o 

s* = izzcoxic?™ 

r d — ^ C “ ijj r 423.. 2* 

IMW* 


(aj SI = 


^ I820os|0' 6 

®>> ' tK = - g7 .v „ Pa 




^3 2- 


Ap * b f 2 t - IS.oc^/o 3 
r C C. -v 445*, 15* 

Q fc r ApVp " SO40.3 80 t io.*>>lcS e ‘ 

mt* i “ / _'' 1 1 " 11 '' ‘ r '''''J'‘ r, "T£ Z - — X * I IT* 




Tytw ’ (^47ox|0- <: X2 l i- £3x ' 0 " s ) 
1 " JTi.7 MP4. 


* >• Afr*V *A 3 ! 3 j*♦»>' 

f 4 R ~ ^-*+ M'P* 

Since SI. 1 MPa. < SjJtL- \00 MPa ) 3 WHO * 446 i 


6 ^’^ Hp * 


S <tcce 
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Problem 8.4 



8.4 Solve Prob. 8.3, assuming that P - 850 kN and a ~ 2.0 m. 

8.3 An overhanging W920 x 446 rolled-steel beam supports a load P as shown. 
Knowing that P - 700 kN, a — 2.5 m, and aat - 100 MPa, determine (a) the 
maximum value of the normal stress a m in the beam, (b) the maximum value of 
the principal stress <r max at the junction of the flange and web, (c) whether the 
specified shape is acceptable as far as these two stresses are concerned. 

= ZSO IctJ r SS&xlO* KJ 
- (USOxIcr’Xz. 0^1 C 1.70 x}o b u.K, 




177 S' 


~\77 S' 


G>) 

CO 


-3.55 



sy _ IVU Q>» 

^ ' xt„ 
i? ♦ r. 


f~or* W c 11{0'xlAH & roJJed s4ep ^ sec4io» 

~ vowi bp - 423 r 42/7o mw, 

t w e £4. O w* 1, ” *&H10-x[O t 'y«vO S* - \%200*(0 ("*> 

C, ~ *2 ^ ~ 4£6.iT m*, - C - tp ~ Nv!3.8 mm 


, . ~ »M|. 

(a) 


*1?° 7?^ <5^93.4 HP*. 

|g?Oc>yfO 


3 


SL 


§k 4 O - 

a, - 


6* k * S. - S4- ( 93 .*H ? BH. mp*. 
44 r IS. 06* >f/0 S „«,*■ 

~ (c. ^t') s L ( x is^s 

Qj, “ Ar X - So^o.SxltP rv.4 ' gofo.S */o 

33.65? MPa 
IS' 4 *. I 

96 „C MP«l 6^ =■ 96.6 HPa 


% 


C g5~£MQ* )(‘8o'io.3»tQ‘ c ') 

(g17o»{(y c )(M.o» to~ A ) 

rJt^OOs£cP - 


Since lP6> MP<0, 46 ,3 axc epf’ g,Lle 
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Problem 8.5 


20 i:N/m 




8.5 (a) Knowing that rr.,i> = 165 MPa anti r aH = 100 MPa, select Hie 

most economical wklc-fiange shape that should he used to support the loading 
shown. (/?) Determine the values to be expected for <v r m , and the principal 
stress er nas at the junction of a flange and the web of the selected beam. 

t> 2 * O - 1st, <? A + (zoX^*y(o<‘\) . o 

i>2f M a - o ?<j + (^XG<Ar)t^) * o Rg - kN 1 

SjfcK/- 

3a»4- bNK. 

s - Mkat - iI±mL - 

Qj. its- 1 lt> 


(CD Use 

z£o'i%%°h 

£ r i£4kt>i 

ilf r 6* c \ tn no 
tvu ” 5‘8*\» 

r |4I'K Mfq 


< n y 


i SVtfiioe 

3 (Xf 0 

W 

Si © 'i- 

2i<0 

w 

asronus 

2-2^) 

w 

2 tv t 2-6' b 

2-4-<j 

w 


2 H 


OfcD * 


IMU 


b 

32-'4-*l0 

'XZH 


^ * 1-1-^ - -- r MPa 

£*» £254D<«>"8.) q ' 

C = ~ ~i- 2 


C - £ f ~ (Z-"f -6-1 S (2 0 ' i KH, 

<o b - ^ S m - “ 133*8 Kfo 

R * + rC » = g^MfV, 


y*‘ 

>b 


<sr, 




2 . 


+ R *■ 


133.0 


~ liras' M-f® 
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Problem 8.6 


36 k-N 



(zt. y7.2)(3.6) 

4 MW) 

- pi 0- 3 -) = £ 
A r ?2*7 
£ r /o/-7 AW 

iVj^euv- lol,~j kti 


8.5 and 8.6 (a) Knowing that <r. lU = 165 MPa and r. Ai = 100 MPa, se¬ 
lect the most economical wide-flange shape that should be used to support the 
loading shown, (b) Determine the values to be expected for cr m . t,„, and the 
principal stress tr lllM at the junction of a flange and the web of the selected 
beam. 



S’hrt.ps 


W Pbo%iL 

tltyo 

W 4<5flX7* 

i*fbC> 

W 4u>y9-x 

/no 

W 3£ox70 

tzgo 

W UoHol 

Mo 

W ZSoXiol 

no-o 


S?ch‘oA 

5 

(a’l SelzcA 


= ]M| fhMf 105-?. y.jo' 

~ <£>1 r 


/isr 


2S (! $%• Cty X(& fryhrp 


54i*ess 6L 


6- =M 

•" s 


*u~* 


3 ~ Ityowo* turn* 
t_ji ~ //* 4 /b/>l 
WS-lXIO 3 


fit * 

t w ~ P ‘4 to/r> 




61 - 14-$. 7 MPa 


Sh 5~f rass t~ 


M * 


r - HW-JVL, 
^ Au-e*. tjd 


tahTito 


Ca<e>o9‘}Y.a<^2s') 


AW formal Stout*\ fifth <xpB 

b <JL <X 1 - 

' *-•*** A ” *• 

~1? I— 1 1 

•jr 


tl = 2b* Mp4 


//-f( 

2£/ 


■nS 


SS 145-1 MP^ 


/14oy/o~ & 

% ^ (mS’DLiSi-t/ 2 l 2 -x)~ US'-9 MPa 

_ Pf-O'Mlta 

c b = 


(0 ‘0 on jCO’SXt) 


=2i-i 9Pa 


R =/(%? + 4* =/Pf£r «•).♦«* 


<r. 


— §*.+ !?- 
wiNi 2 ' ^ ~ 


W‘2 


+ 6<}-4 


UP-8 MPa 
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Problem 8.7 


250 kN 280 kN 250 kN 


A B1 cf Of E 


0.9 m 0.9 m 0.9 m 0.0 m 


31S 



8.7 and 8.8 (a) Knowing that (7.,, = 160Ml’a and r,„ <= 100 MPa, select the most 
economical metric wide-flange shape that should be used to support the loading 
shown. ( b ) Determine the values to be expected for a m r m , and the principal stress 
a mtx at the junction of a flange and the web of the selected beam. 

ftaudfum*: ?>' 37* kV f J P B ' 375 f 

W\^ * 375 kW 

ImW r 450 

IVl <4 po.v,-/ C : 135 khJ 


S - - 

Vm " 


950 Wo 3 
160 x/O* 




- XSI 7.5 * /O 3 wirv ) 3 


M i(kW-*») _45» 


. 337. £ 


(W> 6, 


35/ox/o- 4 


VU r WU 

rj 


.SKefpe 

Sv Oo* ) 

W gyox 176 

5390 

IV 76a * 547 

49 1 o 

W *175 

3 Si o 

W 510* 155" 

mio 

Vd 530 x 150 

37X0 

IV 440 xf£8 

33 4 0 

W 36o x 2.16 

3SOO 

- )78.Xx/o t Pa 


3? 5*/o 3 


(G7SMO- 3 Xti.7*4o’’ 

) 

V | 25 v/o s 

—-- - j t~ 


(cl-) U se 

W £<?ox 125. - 

d - Q>7% n-i'-vi 

t f - \C,.3o 

"tw -11.7 


6T„ - I2S.2 MPa 


- 47.3 MPa 


M ? oui C, ^ * (67^,o-')(«i.7Wo-M = '^.^x/O^Pa ^ 

C -tel= ~r^339 wm - C- tf - 33?-l6.3or 3X2.7 

6* b - (^2.)(m.z7 - i22.o mp« 

R - JSF + 1? = J(C't-o) 1 4 0£.7C) Z =r G3.67 MPa 


** Vfrr* * 


+ R = CLP -h 53.0 


G3.o MPa 

<5L^ 124.0 MPa. - 
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Problem 8.8 




M 


-SS.% 



8.7 and 8.8 (a) Knowing that a M - 160MPa and r„, = 100 MPa, select the most 
economical metric wide-tlange shape that should be used to support the loading 
shown. ( b ) Determine the values to be expected for a„, v m> and the principal stress 
at the junction of a flange and the web of the selected beam. 


-O o; - + 4. Cl X*»0 * o 

R r =■ 5X 2 VM f f? D r 55. 3 /rNJ r 

fe pen*-f i/ - O Hf . 

£S. a. - HZ -Xfi = O -56c: =r XS’oT'l »•». 

fcW-w, 


M ff - i (55*. (j}.so<u) - 


64. 25*10* 

<51et 

1 Go ■» 10 c 

- 4 £2.8 

X /o 3 

e 

S (lo 3 ^ 4 ) 

IV H to *3£. s 

S3 7 

► W 3 6o x 37. 4 

474 

W 310 *32.7 

54 7 

W 250 * 4H. 8 

535 

W 3ooxI 

448 


43?.Ss/o‘ w, 3 


(a) Use 

W 360 x 32.^ 


W360*32.4 S- H7H*IO l ^ » 



A wet ’ 

> dtw 

= (344^(5.8') 

r 20XH.2 

M 

pef>xi’ 

E: 


S 

64,25*10* 
474 x/o- 11 

A+ 

p o t w’f 

C\ 


s T 

SS.t *lo* 
474 * |o'‘ 





1VI 

AwX ' 

5S. 8*/o 3 
2o24.a.»|cr 6 


C 

- k^ 




e;* 

£e. 

.7^00.7') » 



R - 

iIW 

+ rj 

- 62.4 



^w« 

„ §, 
* 

4 R 



H 7 4 * /o n^ 3 

rmv, — 2024.2 > Jo c *»»* 

6^- l/X 7 mp*. 

« 27. C MP^-* 

^” o. ~ 7-p * 166 

H2.0 
M Ptx. 

<5^//*.4MP«.-* 
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Problem 8.9 



vj (W) 



MXM-*) 



8.9 through 8.14 Each of the following problems refers to a rolled-steel shape 
selected in a problem of Chap. 5 to support a given loading at a minimal cost 
while satisfying the requirement o m <, <r„n. For the selected design, determine (a) 
the actual value of <r m in the beam, ( b ) the maximum value of the principal stress 
18 k-N'/m ffmax at the junction of a flange and the web. 

n 8.9 Loading of Prob. 5.74 and selected W530 x 66 shape. 


Pv'olo 5,"7M £>*M~ 16° MPcu 

U\ x i-yvi ^ se.o’ti'oi* B . 

|VI r 72 UKI <d sec.+Ce»A 3 

Pc./' W SSO * £>6 V'o MeJl s+ee-? see.-p'o 1 ' 1 

d - S2S r^w\ fc>p — 1 fe>5r*te*"> fcp — 1 1 - MO wo*v. 

tw - •8. c i 32 — ' 2 S 1 *"(£> s “ I 3 Ho* i o twtvi 

G ~ 4 c| %C 2. 5 

{a> (ML* = ItOxlO^V'to 2*1340 »ld* yj 

= 13X33*/o G 6^- 13X2 HP*,-* 

(k^ ^ — C “ tp ~ 2iTI. 1 *v\*» y ~ “ 256.8 »*>"'> 

Af ~ kf •'Lp ~ I B'S | 


At sc&i ion B 


V -- 7Z*\o % N 


r _ VQ _ V - C?Z*lo % )(l22>l' c < 0 ~ C )(? s6 -% y/lcr 
' a ~ It ' It ’ (.35-1*10-*) Cs^xiD- s ) 


= 11,5X3x10 


li. 523. MR* 


§~ fe = Ikp r - 122.50 HP* 

O *6 2 .* s 

R - ./of')* + Tfa 1 r <S5,22<; 
fr « + 1? r !3UL§?+ ZS'.lXC 


Gw*~ UX5MJV 
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Problem 8.10 

50 kN/in 



0.8 m 




e e t> 

\ 

6 

\ 

N 

i 

_40 

-X<X- 

!<•— € 

I 46 " 


■2-H - e 


M (kM. im) 


8.9 through 8.14 Each of the following problems refers to a rolled-steel shape 
selected in a problem of Chap. 5 to support a given loading at a minimal cost while 
satisfying the requirement a m <. a^. For the selected design, determine (a) the actual 
value of a m in the beam, (b) the maximum value of the principal stress o mM at the 
junction of a flange and the web. 

8.10 Loading of Prob. 5.73 and selected W250 x 28.4 shape. 

p/oWe^ F,73 6^ - l&o MPa* 

I M 1 ” 73 kbj- VV\ £" } wX CcJk $ * es 

L£> W'■f’o -fte. Uf of S. 

1V1 - 0 

Fov W 7. SO y ZS. 4 <ro$y<se>. s.{eeJ? sec?to^ 

^ 1012 C-J- -'0.0 *v,»vi 

tv^~ Z-H *'»in r~ H 0 .C)k!O S r 3£ S’ WsX Y*\Yn 

C. ™ *[ C? ~ i&O 


i't) G1 * 


ML* _ H% * : O ' 


er m - arcs MPa 


.— =^0 

Xr 32 

e c j> 


Af se<^4■ -jh £ V * o 
s* = S2 ■ 

Lfc It. " ° 
Af secfio* C lVl~ L fo ku 


61* ^ 


S 3og x lo~ c -w. 
y ^ ~ o t^p ■ r Uo 

A f ~ tp “ iD#^c? ***** 

Cj ~ X C+ .X ~ i?Sm^ 

Ql ~ A f y - 77.6'v/o' , «I= !Z7,S~! cM 

M - 

73.3. HPcc 

Ck) 6^ 6b 61^,- 133.S HPcjc 

M = 3^ ItM* K. 

1 - SG MPa. 


L*/Q 3 )f I20*10~ 3 


Ho.o *io _t 

7 c— ^ i \ 


r L ■= - (dQ- ' .o'^ hrz^-io-n _ 

It. " (3o.oxto- s X6.3^o'M ‘ MP< ^ 


R-'V^V^ X - -/mS z + 13^2.'* r Ij. 37 A7P«r 

ist 
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Problem 8.11 

SO k-N 


30 kN/m 


B f C 



v(ikV> 


73* 5" 


& c 
ft -6.5 N 


W (kV-fn) 


Gb. /5" 



fh B C 


8.9 through 8.14 Each of the following problems refers to a rolled-steel shape 
selected in a problem of Chap. 5 to support a given loading at a minimal cost while 
satisfying the requirement a„ s For the selected design, determine (a) the actual 
Value of o m in the beam, (£>) the maximum value of the principal stress a m , K at the 
junction of a flange and the web. 

8.11 Loading of Prob. 5.78 and selected S310 x 47.3 shape. 
pi-ciaa Py'o £.7 8 I GO MP* 

\ PII ~ G£ .15 kb! • wo act" sec3io*\ S. 

|V I - 78.5 kb/ J; 6. 

poir 5 310* 77.3 roffleS 1 sk-eep 

of - SOS' I—.** tap~ 13.7 tp~ f8 a 8 r*t»*> 

tie r m* X- 7(9.6* |0 S “573 *■/O vv,im 




c - - 

k*> - 

15 5 

[. »£>** n*i 


C7 t 

1mL^« _ 

€4.1V 

lo 3 




573 >rlO‘ t 

1b * 

r — 

4 = 

- 138.7 

tv~i ►vq 

4 ~ 

Ac 

c. 


101.5 

PPc 

Af '■ 

t 

F ~ 

nS2. & 

1L 

3 * 

jCc 

4 Jb ' 

~ I TS'.G 

W *V> 


O, = - 555.1? * 555” IS */o‘ A 

_ VQ. (m.$»io''}(l$$-,IS>*i6' c ) _ 

£fc ' a * 

R - f - Jsc^JS* + 23. ZC*- - ss. 83 MP^ 

6^* §+R “ 106.6 ^=(06.6 MP«. ■ 
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Problem 8.12 


100 kN/tn 


Aj py* C 

*•-0.8 m ~* p-1.6 m-«• 








8.9 through 8.14 Each of the following problems refers to a rolled-steel shape 
selected in a problem of Chap, 5 to support a given loading at a minimal cost while 
satisfying the requirement a m s a M . For the selected design, determine (a) the actual 
value of o m in the beam, (ft) the maximum value of the principal stress <r mM at the 
junction of a flange and the web, 

8.12 Loading of Prob, 5.75 and selected S20 * 66 shape. 

F>ao** Pv-otiiew, S-1S ~ 160 MPa. 

inU - 25G fen/-** 4 p omf 13. 

Wl - SGo kv 4 S 

5 2d x 66 foJJed sje4 sed'iax, 
d ~ £"0 S mm } kp ~ 16°} mr* ^ tf ~ 20. 2 iv>wi 
tw ~ 12.3 > IO i S z ~ )‘lS~0 * IQ* 


C - A r 2S*i 


W (S’.,- ^ 


;?S6 » /d 3 

Hft'o* |o 6 


131.3 MPec. 


- a ~ t P * 133.8 


6 b 5 ~c ^ ’ 1*0.9 MPcl §» sr fio.'fs" MPa 


- 


3 X. 1 2. *»«*» 


3 T i (c+y A ^ - 243.<? 

Q- - * *7 ^ 3 * ^ / O 

''H - VQ . (36o*/o 3 )(7g3.4 * (Q- c ) .... fcJ .„ 

1 ' It. (sss-«io-‘Xi3.s«/o-») = 


TTfrri 7 


'* + 


75T.06 MP* 


(b) <S1 


+ R 


iS.O. *tf -V 76T.06 - 136". 5" HP«. 
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Problem 8.13 


1 45 kN/m 


r n \ 1 

1c 1 

BmSBSS 'T~. 


V (klfi 


^02.sr 



8.9 through 8.14 Each of tire following problems refers to a rolled-steel shape 
selected in a problem of Chap. 5 to support a given loading at a minimal cost 
while satisfying the requirement a m s rr all . For the selected design, determine (a) 
the actual value of tr m in the beam, (b) the maximum value of the principal stress 
ffmax at the junction of a flange and the web. 

8,13 Loading of Prob. 5.77 and selected S510 x 98.3 shape. 

pVowv* 'pV-olo.fg.tm S. 1~1 ) &OJU ~ ISO HPce 

8 en«sf • evef& - 

- 2.10 kbj-tm eA stdric>*& B uiaA CL. 

% MS'. <*2S kK) - v* i^u'A s EL . 

IVL„ - 20y,S k*J aA 5ec+iVs B a.»A C . 

R ot SStOx ‘7S^'3> v^oitcA s+ -ee£ se^Aioi*, 

e) - SO g mm ~ IS^ mm Up - 70.2 mm 

t*- 15 . 8 mm X = S - tfZO X lO 2 mm 4 


toti. iM\^~ 7HSC2S'xlO % 


C ~ d - 2S 7 ! mm 

. S s> \<i( > o*id c 


* llS»Wl*lo e P*. 

1 ft 50 * lo- £ 




(Id) C — 1 j?33. 8 mm Ap~ Id^ 7? 3. *21 2.* ^ mm \/ = j[(c+yi !1 )-'243.' £ imm 

A~k tw£g(sp«rn ^ .V ~ O 'ig ~ ^ 


<5L = HPec 


At 5 e<p 4 tons B C . 

~ XL atQKlftL - ,n7/-QWP 

s ~ " ,o7 -^ MP « 

^ « VJBc _ V A f y_ _ (2o2.£-*to*)te.2i2*lo i )Cz t &- e i «jcr 
Lb ~ It ' It w ~ * \0~ e ’ )C I2s8 'Xl (O’" 3 -) 

- 2-S - . 04 fy?P«. 


R - SSVA3 HPq, 

I s *R ' 


6^ ” 105-vIMPa. 


www.elsolucionario.net 




Problem 8.14 



8.9 through 8.14 Each of the following problems refers to a rolled-steel shape 
selected in a problem of Chap. 5 to support a given loading at a minimal cost 
while satisfying the requirement a m s rr a!l - For the selected design, determine (a) 
the actual value of o m in the beam, ( b ) the maximum value of the principal stress 
Omax at the junction of a flange and the web. 

8.14 Loading of Prob, 5.76 and selected S510 x 98.3 shape. 


F r»vy\ Pv'oWevH. S'. 1 <= 


s* IbS htfq 



M e - O /?4.4 » iw-JtfcHb, 

Me “ 1 iH'tt f- H/tf -220'S lert)* 
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Foir 5 SU> xf roMeJ) S~h:e£ 5Cc{ 

o? " SoS torn t> F — IS 1 ) fam Fp — 2 mm 

tyj ~ S = Mfxio*’ 
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fa, 3&'4 Mm 
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S M-Tx/o' 5 

(b) C- tp - 211-Smm 

Alp ~ 
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y * K^b)* ******* 
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Itv, LAWuo^to'OiX ff) 
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u fc C S 
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f x-T? 
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Sb (mp#) 
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8 *£ 

2l'(>8 
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4g>/ 


C< D 

n 'i 

/o4 .23 


Ibl-Z 

& 

0 

US-4 


H>S-4 


A+Csd <5^« rt>7-2 MPa -*» 
At US'4 Mpq 
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Problem 8.17 


8.17 Determine the smallest allowable diameter of the solid shaft ABCD, knowing 
that = 60 MPa and that the radius of disk Bisr = 80 mm. 



T = 600 N • m 


T - Pr - o P. 7 


ID 


S* IcT N 


17.<ry(o* 



S.is-xio* 
SC2.S ff-tw 



~ s.is * jo' w 

M g = (2>J$»lo % )Q$o*to ') 
' SCZ. S' 

"Be well 



Tor«ae. 


CW4 »"c *H see4 iom J^'es A"i 13. M~ S&Z. S’ hAt*o ^ I “ 67-tw 


T _ 


a 1 /MST 
C ■ * TT 1> 

C - %o.S8*(C> 


i* t^oo) 1 - 


gcv/a 4 


756 ‘ 


ol r •* m. z *id 3 


d ~ 4-1,5. 
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Problem 8.18 


8.18 'Hie 4-kN force is parallel to the .v axis, and the force Q is parallel to the z 
axis. The shaft AD is hollow. Knowing that the inner diameter is half the outer 
diameter and that r a n = 60 MPa, determine the smallest permissible outer diameter 
of the shaft. 

rot Zoxio'* Q . ~ (qo*/o' s )(Li*io 3 ) r o 
Q. - & y/o 3 K/ r 6 fcW 


i n A 


wo dun A. -fo ^ ^ ^ A i* ^ £ *. 

' U 





140 mm 

I 


S —ifizJ 
£ It hi 14. ynj 


. -*- c <315 C 

H kW \ H-i"' 


u-X N D 1 

D Hi (M-M) 


36o 
* W**" 


My ) 


.360 

fd-w 




*Cf 


(MJ^= 

3 1 5 N* 


p.4 0 <r 

(K)^~ 

HU. 5 fJ- 

.ol>4 

Z “ c^c '■ S T 

36o A/. 


A+ B> M t - “ 175 A/*in 

-/My* 4 rV + T* - 7 ns% H |2„S % 360*- - 574.74 /V-V-. 

At C: M y ^ ' 257.5 A/-** 

7 + H, 1 -t"T T ~ - V3/5 2 4 262,s*-+ 36 o~ - 545.65 W-k*> 


At C: M y ^ r 257.5 A/- 


7m/+ H z z -t T 1 ~ Y3/5^ 4 262,s*-+ 360 - 545.65 

VtJ?oc is 574.7 4 A/- 1 -, 

„ rvi -J 4 M* *■ + T*"* c 

t-h^<Vu ~ - - - - --- - -- 

____ J 

T w+ T* 7 574 7<? _ -s $ % i 

c 5 ^ £o x jo* 


£ - l(c:-cA 
c c„ 


\ C ° (l ’ W V -^cJO “(if')] ~~ J.H7XC2 c7 


I.47A6E c7 ~ 4.5548 y/o j 


C 0 - /8,S7 
c^-, — Zq> 


cL~ 37.3 m/w 
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Problem 8.19 



8.19 The two 2-kN forces are vertical and the force P is parallel to the 
Z. axis. Knowing that r af( — 55 MPa, determine the smallest permissible diam¬ 
eter of the solid shaft AE. 


^M x = O tz)ii6o) ~ l£oP + (;z-)ci&6) ~0 

for<jiues * 


Forces. Jo jnoei ztxd'fii J p 1 



? « 

Sr 47 W. 

AS: 

T s o 

BC: 

T ~ - Wo* I) * 

cut 

T- - <?* 2_ IcN/fo 

DE- 

T - O 

C<3 

P p Pc. wt e ; 


t- • ..-1'" ——f 

\ 

■ 2 - 1 

'a- "2~ \ 

!■ 

' 2 




Ce>Vie<s^ Seo+ttfvsS CKsrq. ei'Mre^ 5lWe 

d i S k C « 


T = o * % jhKl v** ~ ^ 


My= O'Wkti* 


'tuc* y/ivTTvTy 


J- . i ( 


/iy-t >y + t* 

%U( 


_ -f ^3* 


for 3 


C ~ 0> Oilq- M 


d r fo 


hi 
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Problem 8.20 


J80 inm 

' I mm 


100 mm j 


^T80 rnrri 
00 mm 





Vf, 

- T/t 7 




ponces in \nori zo^ctj 


8,20 For the gear-and-shaft system and loading of Prob, 8,! 9, determine 
the smallest permissible diameter of shaft AE, knowing that the shaft is hol¬ 
low and has an inner diameter that is \ the outer diameter. 

8.19 The two 2-kN forces arc vertical and the force P is parallel to the 
z axis. Knowing that r at | = 55 MPa, determine the smallest permissible diam¬ 
eter of the solid shaft AE. 


(l.) Cl do } - >50 p + (i) CIOc) -O 
f * 4'7 M 

AB * T* o 
BC- T«- 
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D£F: T- O 
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0 * & &~t\l f'K 
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T* (9< l kM ho M z “ 

- o > 4 & k k/ 


<*=■ ft/ M / + m 7 +t ’ 

3L T-* r - x r - X- * S£lL 

c " 2 c L c ° c * J ■ ?£ L c ( 3 C 'J 2 c. 81 ~ ) 


g-Ftr « _ M 7 % T* _ j(6' 4#)*+ Lo> C **„ // p5m ”^ /K * 
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£ r Or O 2.0°l m 


55*<o± 

A - 2c * 41 * $ bvtn 
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Problem 8.21 


8.21 Using the notation of Sec. 83 and neglecting the effect of shearing stresses 
caused by transverse loads, show that the maximum normal stress in a circular 
shaft can be expressed as follows: 


J 




M <xy/Ci m b r slew's 

*« 'f'O/^/ovO < J si re-5 $ 



—*. 

*■'*1 

, 1 


f ,< 
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SX. =•%+!? - 


_ IM)c. _ VivVTv c 

~ ‘ J" X 

T - ^ 

J_ 

6y» „ V M„M Kl,* C _ <? 


V M/* IV c C J. . . , 

Dstn^ Holair's ctVei*«j 


-R ^ (H/ + 


c. 
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/Ty 
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n r 1 
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(M/t tV)’ + (M/+ M.'r fX] 
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Problem 8.22 



8.22 It was slated in Sec. 8.3 that the shearing stresses produced in a shaft by the 
transverse loads are usually much smaller than those produced by the torques. In 
the preceding problems their effect was ignored and it was assumed that the 
maximum shearing stress in a given section occurred at point //(Fig. P8.22o) and 
was equal to the expression obtained in Eq. (8.5), namely, 



Show that the maximum shearing stress at point K (Fig. P8.22d), where the effect 
of the shear V is greatest, can be expressed as 

T K =jJ(Mcosf?y + (ZcV + T) 2 

where p is the angle between the vectors V and M. ft is clear that the effect of the 
shear V cannot be ignored when t k z r«. (Hint: Only the component of M along V 
contributes to the shearing stress at K.) 


A Vc 1 

■3 ~ 


W) 

pot - *-} k', 

X)oe t V i Fo* ev. sew-M c< i*c.Je Gi ~ 

Fo* tx oVe^e- c.o*f across r}s elidm&ier' t - d ~ 2c 

Fo* a_ cti"cu/ac s ecj 10*0 I - ^ J 

r m r mu cn _ 2 vc! 

^ It (^J)(2c.) * 3 or 

Doe 4v» T; 

Sitoce +Wse cskeatoivt^ s4res5es h-we -f ka Sa^e cvVe*-f 

TO ■- §-( fVc-t T) 

stress a/ pai'-d K r e; - ~ = -2~ 

u is. iJisIcttoce te4v*eevr poivt-}- 1^" -f~ke n-eo'fvHvI < 9 ^( 4 , 


Doe 4» T; 


?Hu 

or 


u 



Ooss setll'on 
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Problem 8.23 


V 

200 min 


500 mm 



8.23 The solid shafts ABC and DEF and the gears shown are used to 
transmit 15 kW from the motor M lo a machine tool connected to shaft DEF. 
Knowing that the motor rotates at 240 rpm and that = 50 MPa, determine 
tin- smallest permissible diameter of (a) shaft ABC, (b) shaft DEF. 


2 4 O rpw. 


ZHo 

co 


4 


(cO SU-ft ABC; T - - 


3a 
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(a») 

F,.= I = 4#- = 1-ttt o 
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i/m 1 + T l 
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c 2> 


ZLu 
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Problem 8.24 


tJOO mm 


8.24 Solve Prob. 8.23, assuming that the motor rotates at 360 rpm. 

8.23 The solid shafts ABC and DEF and the gears shown are used to 
transmit 15 kW from the motor AT to a machine tool connected to shaft DEF. 
Knowing that the motor rotates at 240 rpm and that r al! — 50 MPa, determine 
the smallest permissible diameter of (a) shaft ABC, { b ) shaft DEF. 
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Problem 8.26 


130 mm 




225 mm 




225 mm 


60 mm 

«jfli 


oQ-<m mm 




Forces m vevh’c^d 1 pi^re. 


8.26 Solve Prob. 8.25, assuming that the entire 20 kW is taken off at gear G. 

8.25 The solid shaft AB rotates at 450 rpm and transmits 20 kW from the motor M 
to machine tools connected to gears F and G. Resowing that r^ = 55 MPa and 
assuming that 8 kW is taken off at gear F and 12 kW is taken off at gear G, 
determine the smallest permissible diameter of shaft AB. 


■f 5 W- = ™ 

Torqoc afpPleA aA D 

T ° = 5?f = = ‘ m * q| 

T £ f To - 424.11 W-M'I 
Fortes X) a*nA £ 
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fa = f (VPFTF X 


J - 3I r S 

C i C - 


F + r*- 


C - 22. 46 *IO* 3 tvs 


cJ - V?C - 451<?*/0~ S *v> 
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Problem 8.27 


100 nirn 



m 




8,27 The solid shaft ABC and the gears shown are used to transmit 10 kW from fhe 
motor M to a machine tool connected to gear D. Knowing that the motor rotates at 
240 rpm and that 60 MPa, determine the smallest permissible diameter of shaft 

ABC. 
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Problem 8.28 


100 mm 



8.28 Assuming that shaft ABC of Prob. 8,27 is hollow and has an outer diameter of 
50 mm, determine the largest permissible inner diameter of the shaft. 

8.27 The solid shaft ABCsind the gears shown are used to transmit 10 kW from the 
motor M to a machine tool connected to gear D. Knowing that the motor rotates at 
240 rpm and that r tll = 00 MPa, determine the smallest permissible diameter of shaft 
ABC. 
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- 0 


¥ (GO y fO‘) 

235. S3 - x/O' 


C- - 


c/x = 2c x x 43.73 xio“ S w> ol* 43^9 mrn 


Proprietary Material. © 200? The McGraw-Hill Companies, Inc. All rights reserved. No part of this Manual may be displayed, reproduced, or 
distributed in any form or by any means, without the prior written permission of the publisher, or used beyond the limited distribution to teachers 
and educators permitted by McGraw-Hill for their individual course preparation. A student using this manual is using it without permission. 


www.elsolucionario.net 




www.elsolucionario.net 




Problem 8.30 


ft/ 100 mm 





100 mm 


Forces i* vev'+i c<Jl 


2i olf ikl 


0'1°H 


' g.rtM i-4t> 

\ O * S4 


8.30 Solve Prob. 8.29, assuming that 22 kW is taken off at gear G and 
22 kW is taken off at gear //. 

8.29 The solid shaft AE rotates at 600 rpm and transmits 45 kW from 
the motor M to machine tools connected to gears G and H. Knowing that 
r all = 55 MPa and that 30 kW is taken off at gear G and 15 kW is taken off 
at gear H, determine the smallest permissible diameter of shaft AE. 


f = TZ-P- * IO Mz 

"Tiam 6 

_ _ _P_ _ 4S t>oe> 

“ ^itf ' Zn (toj~ 

~ 7 t&lH'* 

Tor ci oes on C o~\Jl D 

T c = f 

T 0 - fr T & r N ^ 


AS: T m ^ O 

ec: T e< . - 7/fo‘7 M H 

CD.* Xt> - N <** 

DC : T De = o 

(y-CCiV -polices 

F s ■= -&- * c ^5$ 

e Cfi ovoTS 1 

r - 5 = - - ---- g- - r B.rttvi 

r c. n o*t 


C _ JJL _ _J 

r ° n, 1 

A+ B'*' -\/m/ + Mj 4 + T 




Fovces in Sior-tZovi'f oj 


l<o3 A+ C" 


O'lSrtf-sr 


c=/ 0 , 2 < 7 4’*- 4 <r«7o$'* +. 

T / * 0'2-IS t-t-foi (wm<!) 

_ 4 o>-i*is r 4 omkS 

— o <cj 4 .^ Mvfru 



0< 3777 


j{/tV + 

,*1 , (V^V* PV + T 1 -) _ /*0t7r 


0 • 7 t?<P M 


£tr*/o* 


-12< ( 0 S 2 


C= 0*0 V-T-fr 


0/ ~ 7 C ~ ^iS' (o r** *''> 
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Problem 8.31 


8.31 The cantilever beam All has a rectangular cross section of 150 * 200 mm. 
Knowing that the tension in cable BD is 10.4 kN and neglecting the weight of the beam, 
determine the normal and shearing stresses at the three points indicated. 


100 mm 
100 mm 


% _. 

ISO mm a 


0*75 ni :J (j s 

] ri 


rr!« 

ZOO mm ! 


f 14 kN 
•L—0.9 m 


0.3 m 0.6 m 


j«r- 0. £ - a| < O. *5 —*| 

If kM 


VG> = /-76 1 + l.g 1 
•= l.fST 

Vested Co*~ft> n oi T VI 


e—4-<7 .c kN 

i/2JA Icbl'Ki 

IOAtm 


Haie i Zon^f Co»*po»<9-* 1 tff T on )0°^ ) r *?.6 kN 

At Ccx'tcci'/tiVi^ points O.^ bj a*\A C 

P r - ?.£ UN \/ - H - 4 = 10 

M - 0.6X44 -(O.&Yim') - - 2-*/ W* ^ 

Sfittflov) pr^pevfie^ 

A - Co. iro)(o„zoo) - 0-^30 >vT 

J r j^-(0-ISO)(0.«t») S - )00x/0”‘ 

c - 0. /oo »« 


P" * A X 0.02,o |oo x [Q~ c 


2. OS HPa. 


P’ ° 


m 4 t ic- _ P , Me . (2, L fxlo z Yo.lot'\ _ „ Mci- 

m P .f^ b ~ ~T" 4 x ' o^r " * z ' 7 * 


At pai^t 


p« i a 7 C 


% = ° 

6- - - -E . - 9.6 wo 1 

A 0.03O 


- 0.320 MPa. 


m 

|oe> 


1 

{-«— 1 iTo 



Ci* (l5o )0oo)(so) - 7 £0*10*^ ~ ISO xi6 & ^ 

V «. , - OO^MZS^L , -Aflo MP«. - 

J 11 (loo *<cr c }(o.t£o *, 
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Problem 8.32 8.32 Two 4-kN forces are applied to an L-shaped machine element AB as shown. 

Determine the normal and shearing stresses at (a) point a, (h) point h, (c) point c. 

| _ 3 00nnn * U+ (Z U H* si-pe of Am A8. 

. ft> - iff /® ' 

:*p>s^kN 

" Y 1 * OiTAwr f/t« Wocs^v ske/foU 44v« : 

J J 4kN tpov'Tioi 01 The efemeAr 

■*\\ '■ "■"'■ f™— y seo"fi«»*o cxbe - 

*i . SI 20 i nm 

- T j ~ I * P =- -0/v/O 6 )Sm/2, 

20 mm ^ l.722&S«lcr N 

Mx la 3 s.'n/S V ~ (Hxfo^cos^ - 3.3777 1*1 o 3 N 

‘i* \Q % cos(l M - {Hs*\0’*)(y*\o)c.os ft = 160.777 A/*ho 


-300 mm- 


45 n,m kN 


!50 min 




k - ... Sedien p/x> pe-r Ties. - A ~ - *100*10* wi* 

TV ' I = 15 (^ 0 )^ /S.3353^I'D 3 I3.BS33H/OV 4 


Potvf a. 6“ - -£ - = -JU2S&&JO 


'foo v fo~ 


13.3333*10' 


116.3 MP«. 


(W1 Poi^f fe». S’ ~ ■=■ - l»788B bs[Q 

A Moo x (o -< * 


(2o)(lo)(s) - IODO - J0' C rv, 

•V c Va„ - C3.y777jj^fl__ 

It (13.3333^0** X«o* for 5 ) 


MPck 


13.HZ, Mfis_ 


Cc') Po iwvf C . 6* * I 1 - - 

AX 


HoOxtcr* 


6Q.777KIQWQ 

13.3333 W©"*’ 


125. 2 MPa. 


t * 
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Problem 8.34 


8.34 through 8.36 Member AB has a uniform rectangular cross section of 10 x 24 
mm. For the loading shown, determine the normal and shearing stress at (a) point 
II, (b) point K. 


3 °° ''l||jk (i() ' n "' 

\ 12 imn 



±, T A, - o ; 


By = O 


+3 2f H. = o: g (\zo 3 o° 


— 9 CloO S<'vi 3^ ) * O 


Sj =■ H.S 





At t Ae Sec-ilo* poi to-Js Vt 


P S H.f £05 So” - 3.Ml kv 


V - 5m 3£>” - z.zsku 


M = (4-S x/o s )C4ov io" 5 sin3o”) - 90 Id-no. 

A - 10x24 - 2Vo ^,*2 - 2Ho*lC> c ^ 


I - - \\.sx*t <?*■ 


(cut At poixt tt ' 


6;- - 


3,84? x/O* 
X4Q>I0' C 


-r - J Y- - 1 Z^xio 3 
i, d ^ A * wcm'/o“ < 

Cbl At poi/it k : 6; * -£ - - 


er s -16.34 M Pa¬ 

ir = 1H.06 MPcl- 


S-ff?7x/0 3 _ (<1oK\ 2*/Q' s ) 

^oxlo ' 11 " li.SZ> fo"* 

6 ‘ - 110.0 MPa 

Z-O 
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Problem 8.36 



8.34 through 8.36 Member AB has a uniform rectangular cross section of 10 x 24 
mm. For the loading shown, determine the normal and shearing stress at (a) point 
H, (b) point K. 



* O; 

(^(GOs, n 3t>“'> - \2o = O 

~ Z.ZS k\) 

X IF^O: ~ B* - O 

B x - J.WgC kv ■*- 

+T IFj - o ' 

2.25 S 'm 3o° - 9 + fry - O 
% * 7.875 kM f 

A4 4Ke 5ec4i’on con~t-Ai'n trig poio4s H 
P= 7.875 cos 3o° -v 1.9H8C s.'« So 5 r 7.79V kV 
V ~ 7.875 s.v, 30° -1.4986 cos 30° *• 2.25 kV 
M - (7.87 l 5>/t>*)(4o*fo i . > , M 3 o°) - )6/o*/o' s c *s 3o° ) - <?o */. m 



A * \0 x 24 ~ 240 Mm' = ,?40 */0 4 km* 


X “ - ILSA*to* - //.52*to"‘V' 


(<*-) ppio'l H < 

(V) A{ pojof Vj r . 



_ £. - 
A " 

7.?fV W0 S 

2.Hoy (o~ c 

6* = 

Xvj 

_ 3 V _ 
* 2 A " 

3 Z.ZSxfO* 

•3 2HOxio~ t ’ 

r^- 14.06 

S' - 

_ 

Me 7.779x10* 

Hoy /a x / 0 ‘ s ) 


A 

I ~ IHoxt o* 6 

. II.S^Zx(0'3 


GT k ~ - (Z^.ZMPct -« 
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Problem 8.37 


««) N.m \l 


dk.N If 


s4ir€5S <sJ- H 


8.37 The axle of a small truck is acted upon by the forces and couple 
shown. Knowing that the diameter of the axle is 36 mm, determine the normal 
and shearing stresses at point H located on the top of the axle. 


Xlne Wew<At*vs w, o^.e^.4 c^osiVij wormed s4vcss 
<xh p^i'yv - ! M ts 


H a (a- *■ o<b kMhi . 
C of - l Q lM.hV 1 

I^C H - dT-t+nS 

£- _ Me _ (O’ 6X10*.) £ 18) _ 

X ~ 


\J= Zl* /64 l # < ?6 

-13/ M/Pa . -• 


At SPsTiowt CO».'|a i>^ poi*-t Hj V »* "O ^ T - 
^ . Tc . £400 00 oK/g.) 

^ • 3T 1 “rWill—. ■ 4s ‘T Mftr 
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Problem 8.39 



8.39 Several forces arc applied to the pipe assembly shown. Knowing 
that the pipe has inner and outer diameters equal to 40 mm and 48 mm, 
respectively, determine the normal and shearing stresses at («) point H, 
(b) point K. 

800 N 


(too N 


Stc/K o ft pv^ope-^'fles 



pi* zz) = Mm 1 - 



pss ioo N 
~7~Z?(SooN J(o<2Sr$ t 
A^r (6dp N )/a<2Sf» 

A?2~(8t>0H -Z6onJ^>2Sh>J~(tOoX 0,ltn )~ 

\J % rz $(0~ too -260 - o 
\tj* O 


J ~2Tz >8tf- tnttf 


- <f a wm 


-£z- t ->■ *A 

-IX- ft H ZS1f.lt)' 6 -7 


7UiZY.U>' 


z- = i,.n 

* J /■£318//-%/o 2 


41'! Mfa 


(OFo/^tK ; Mft e_ loo __ (loX*-?**) „ ^ 28 -izS Mpq 

fc A X xS^flo-b 76'r‘}zx/er fi 


7^ ~ ^-7— S- /IS /^VsvZ ^ 


q^=:-2h-! MPo —« 
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Problem 8.40 



8.40 Two forces are applied to the pipe AB as shown. Knowing that the pipe has 
inner and outer diameters equal to 35 and 42 mm, respectively, determine the 
normal and shearing stresses at (a) point a, (b) point b. 

C v — j Ox ~ — 17.S' 

A - Tt (c* - C? ) ■= MX'i.T.S ^*7 

■J ~ ^(Co 1 - C^) “ ISS.!&C«,0 S 

I * i J" ~ 77.0 23* H? 3 mm 1 * 


Fo*- se^i'ct ttle w>-Hi 
saw i' c.i r-e o A.v' ojf 





Q_* 2-Go|| x|0 3 mm 3 


f^OO N 


A+ "He secj/t'on co^^At'vu'ta^ po\vv| a ^ _b 


14 “ - 12.0(0 M 


V x = O 


M t =-(hs'x|o" 3 )6s'Oo'i - -C7.S AArv, 

My =-(7iTx/0' s ■* -«to W**-. 

7" *■ ( 10 * 10 * Via.oo') » |0B Ai-rv, 


«u 6- -- £ - !^s = ; <s»- 

A J 42333 x 


~(?5Oo _ {- ^oX^I x|o~ s ) 
42333 wo"« 77333* lo“7 


T& , V*Q _ CIOSl(24to‘ 5 ) , ^ 
r_ X It ' IS-S.IM../0-' 


6* -20.4 MPa 


£- 14 . 2.4 MPa 


(b) S' 


- ISOo 

423.33 »/o : 


77. 083 x fo’ n 


S'5 -2l.5*MPct 


tc , ivjq 
j xr 


jog iCZI *IQ j 
ISZ.IU x }o"’ 


(I2QQ )(a.Goil x\ O 6 ) 


(l43S3x ( o'M(7xlo' 3 ) 

r= !?.<?■» mp<8 
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Problem 8.41 


1.4 kN • in 



8.41 A 10-kN force and a 1.4-kN ■ m couple are applied at the top of the 65-mm 
diameter east-iron post shown. Determine the principal stresses and maximum 
shearing stress at (a) point H, (b) point K. 


At He. secA 'On ipo< va4 S H 

V - lo WtJ er 1 O* lo* N 
H = (I 0 * 1 0^)(2HO *lO~ z ) - 2.4*10* 
T = U4 * lo* 51 H- kv, 

C - ^of - 32-S - tvuvi — 0.03>2.S 


J-fc^ *10'* WX 

I = i J" = O.S7&2 4 X /o' 4 " 

rr — r ^ - Z{ft n'K'X'd — O') S? -2 C s 


o- S Birn’cirtA, q."|c' !i T | (0.0 325) ^22.33 S« \0~ C k' 


i<x) Stresses <a4 p o ito4 H . 


H lies He h<au4'lo«v^ - S" - O 


Due H Wfue: r= r MPa 

f vT /.7-S 24*3 x-IO" e 


Poe -h* skeoti^: 


^ ^ V5L - aox(o^y7?.885~*/^~ c ) _ 4 o,8 MPa 
It (a.S3£ZH«L0-* ) to, 065) 


Tofu# cd H *. r - 30.0 MP«. 


3o.o HP* 6^ * O R * 3o. 0 P\P^ 

® 6t 4" P 

SI.* » <51- R 

*7" - P 

ts eff poi'yil K D«->e 4» ske<av"I 't ~ O 

"o j~o\rofuc t *ZT - ~=— =r 25. HPct 


Cw-30.0 MPec^B 
tD~-3o.o MP^-*» 


(b) Sfresses al p 0l vf K 

Dug. 4~o f'oV'Ofue. t 

Due 4° teiootVej I 

I 84.0/6 HP*. 

.==•» 25^63 MP* 


_ - _ C2.H*lo 



L H7 oi6 M p 

=> - - 44.508 HPW 

i R 

-p- 6* - 5/. 527 MPa. 

y 6', v ,, vt -7'.0£MP« * 

6D; n *6 c -R C^’-^.ohPa - 

R x^^sls mPu. - 
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Problem 8.42 



8.42 Three forces are applied to a 100-mm-diaineter plate (hat is at¬ 
tached to the solid 45-tmn diameter shaft AB. At point H, determine (a) the 
principal stresses anti principal planes, ( b) the maximum shearing stress. 


t/otN 



/»IN 


200 mm 




dcrtrO ktj/nfa 


A I" Vk-t Co»-X« in imjj poiV) Mj 

P r JTo k A/ ov\ '1 

V - hk-N 
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M - (tto)(2oo) - ieps kKj M b\ 
ot = 4^5* /n.rh C = s (wivv 

A s TTC 1 ’ ~ 15*10 frbi 


r X - ^ C V r 9»Zo/3 t/cf 

J”t JJ t O'lf-o%b Yto° 

Fo«e ft. se^t'ciVtXcj Q. ~ J-C 5 ~ ItgcjLf. yto* 

Pot'*^ H i/es <?m ne-tAr-J o^ti’s of i>ein«s/iVi«* . G*n = x ~~ Mfy 

w Tc VQ. LNt,/6 s )(u,t>) (touo*)(7*f94*to*) 

i H - - - --■-- 1 - ^ 



a + J4 " e-tutnc* *'i.ZaV+W> r3i,il7 A,A 


■} A if 47 M f\ 


7O-'ltN a? A 


X (.MPt\) 



Use MoW's c. i v'c ,Pe. 

6" c : ■»(“-«/“* — J£'7zi f A? A 
R * sj O-llM T + Z6-11-/* - 37 .a?A 

(cO (SI - 6; 4 R » Zl-LfhPa 

GTo-R 




<3'3/<$ y- 


\ 33.3° S,,- 123.3 

r;r 6 ) 

„ a>) xu * R - vi.x wr* 

H'iiJ 
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Problem 8.43 


8.43 Forces are applied at points A and B of the solid cast-iron bracket 
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Problem 8.44 


8.44 The steel pipe AB has a 72-mm outer diameter and a 5-ram wall thickness. 
Knowing that the arm CDE is rigidly attached to the pipe, determine the principal 
stresses, principal planes, and the maximum shearing stress at point II. 



150 mm 




Replace ffa. aA C 

E by &Jf\ p-ofx-? — 

c<wp>$e o-f 
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T ~ Q 
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Problem 8.46 


22 mr 
22 mm 




\ I H kN 




ii ■ 260 nun 


8.46 Solve Prob. 8,45, assuming that h — 300 mm. 

8.45 Three forces are applied to the bar shown. Determine the normal 
and shearing stresses at (a) point «, (h) point b, fr) point: 

Ca.9c.‘jXXc. -payees, ol CoofJe s Ste'fio^ o»nfisuVn'n 

poitn+S £> } c « h - , 

V ’x 4 J- 4 A v M ‘ 
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-“ +■ -~r" - S'WW'k 
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x- '^}^± ~ 
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(c^ Poio+ C t 
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2 ) 
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Problem 8.47 





8.47 Three forces are applied to the bar shown. Determine the normal and 
shearing stresses at (a) point a, (b) point b, (c) point c. 
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Problem 8.48 


8.48 Solve Prob. 8.47, assuming that the 750-N force is directed vertically upward. 


8.47 Three forces are applied to the bar shown. Determine the normal and 
shearing stresses at (a) point a, (b) point b, (c) point c. 
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Problem 8.49 


!/ 50 inrn 


8.49 Three forces are applied to the machine component ABD as shown. Knowing 
that the cross section containing point // is a 20 * 40-mm rectangle, determine the 
principal stresses and the maximum shearing stress at point H. 
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Problem 8.50 


?/ 50 mm 


150 mm 

40 niin "H 0.5 KN 



8.S0 Solve Prob. 8.49, assuming that the magnitude of the 2.5-kN force is increased 
to 10 kN. 

8.49 Three forces are applied to the machine component ABD as shown. Knowing 
that the cross section containing point H is a 20 * 40-mm rectangle, determine the 
principal stresses and the maximum shearing stress at point II. 
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Problem 8.51 


8.51 Three forces are applied to the cantilever beam shown. Determine the 
principal stresses and the maximum shearing stress at point H. 
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Problem 8.52 


8.52 For the beam and loading of Prob. 8.51, determine the principal stresses and 
maximum shearing stress at point K. 
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Problem 8.53 


8.53 Three steel plates, each 13 mm thick, are welded together to form a cantilever 
beam. For the loading shown, determine the normal and shearing stresses at points 
a and b. 
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Problem 8.54 
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8.54 Three steel plates, each 13 mm thick, are welded together to form a cantilever 
beam. For die loading shown, determine the normal and shearing stresses at points 
d and e. 
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Problem 8.59 



8.59 A force P is applied to a cantilever beam by means of a cable attached to a bolt 
located at the center of the free end of the beam. Knowing that P acts in a 
direction perpendicular to the longitudinal axis of the beam, determine (a) the 
normal stress at point a in terms of P, b, h, /, and /?, ( b ) the values of ft for which the 
norma! stress at a is zero. 
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Problem 8.61 


*8.61 A 5-kN force P is applied to a wire that is wrapped around bar All as shown. 
Knowing that the cross section of the bar is a square of side d - 40 mm, determine 
the principal stresses and the maximum shearing stress at point a. 
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Problem 8.62 


*8.62 Knowing (hat the structural tube shown has a uniform wall thick¬ 
ness of 8 mm, determine the principal stresses, principal planes, and maximum 
shearing stress at (a) point //, (h) point K. 
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Problem 8.63 


*8.63 The structural tube shown has a uniform wail thickness of 8 mm. 
Knowing that the 60-kN load is applied 4 mm above the base of the tube, de¬ 
termine the shearing stress at (a) point a, (/;) point b. 
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Problem 8.64 



LOO mm 


*8.64 For the tube and loading of Prob. 8.63, determine the principal 
stresses and the maximum shearing stress at point b. 

*8.63 The structural tube shown has a uniform wall thickness of 8 mm. 
Knowing that the 60-kN load is applied 4 mm above the base of the tube, de¬ 
termine the shearing stress at (a) point a, ( b ) point h. 
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Sla ■S'itres.s |>»i->4 J? 4® -fo^ue M*.* 

a « [go- (*)(*-)][(<*> ~ «• m m 

M* ... 2 7feokio > 


^ , 






' C2V6fc24> 

X ^ ^ rr Mpq_ 

poi‘«f b due 4« V*„ 

r » O 
b 


Mj ' ffea)OiJ2S) 

~ IS'c^s* _ 
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Problem 8.68 




8.68 For the bracket and loading shown, determine the normal and shear¬ 
ing stresses at (a) point a, (b) point b. 

Dr<iv ~Pt'-C-S- body d cJ p os lae^?o~r 

Sac’fio ’ 1 CL i> , 


sr\ >m 

VI 


(ct) Poi«i et 



4 (r #d 


Fv^OM sV- 4 i'cs, 

P •= ^os - '2-00 0 bj 

V ~ 4000 3/ki 6o c '’ - 34-fef aJ 

|V[ - (o'D^OOO)s.’r, 60* 

— 3 4 6 ‘ 4- N fw 


Sec-fio^ prcpe4ics 


/\ tr { !2)(4 e, > ~ 120 <w wF 

I ~ i2^t?)C4* s ) 3 ~ 0 


j —. _ (4c _ _ sutet? Q4-fcd-t? e',(-i-c) 

b ~ A ” X" r "?2-3 ” I'teoo 


-74-1 topej 




(y p&;^4 t> 



4 /o 

c_ a 


7-QT>& 

120 


~ ~ 2.* & h P*t 


A - Cto)(tP'> ~ 3 b o i^> 


O KW 


Q r " (l P )(lo) - 3 fett'! 1 K‘->' 

r va c? 4i,»)QW.) p 

1 It fot«K>)£lf) ,Z 
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Problem 8.69 



<£4 

A 


O.fi m 




€S 



8.69 The billboard shown weights 32 kN and is supported by a struc¬ 
tural tube that has a 380-mm outer diameter and a J2-mm wall thickness. At 
a time when the resultant of the wind pressure is 12 kN located at the center 
C of the billboard, determine the normal and shearing stresses at point //. 


A+ SCc 4"< om CoG “f« i m poi ei 

P r ^2-kA| ( compression ) 

■f =• - /O'irMn, 

“ -ODd'S) " 

M z * - (O*\)(%l) -ZB'g, KM 

V * ItLH 

Se&f/cn prtspe/-} fes, 

J 0 ~ C G = ij a ~ i°io tKM C- ~C 0 ~ t * f 7 P~M.fr, 


A = Ti (cj - c/ ) » /^/S 

(Cp^-Cv 1 * 1 - 2?5. / y re 4 
J * /?.X - 4-7 Oc L X to Mt-vv* 

a * ;§(c/-c/'} r 8fl8’i'Z- Kr. ] 


~ A 


He 

I 


Sg.yto ? <Z8r$i<0 6 )(tfe) 


izfrTs 


■I'l&i Yto 


■2\3-<>l - 2W7-C" - ~2£<(?fiAfct 


f* @ ■ « ?&»!■**<> t mifHjrm o , t />7i? , 6o ««, 

-it 47 o-ZKict (ZZS-j ) (3^) 
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Problem 8.70 



Dimensions in mm 


8.70 Several forces are applied to the pipe assembly shown. Knowing that each 
section of pipe has inner and outer diameters equal to 36 and 42 mm, respectively, 
determine the normal and shearing stresses at point H located at the top of the outer 
surface of the pipe. 


At "Re section ctyiRinie^ point 

P * O 4 V* * loo N , Vj s O 
M y —CO.'KO )(lSo') * - £7.5 M-hn 

M z - - (0.zih)(lou ) * - 22. S' N* 



Gl.SV'i" 



M.S A/-h? 


- 

H2 

K-IIV) 

di - 

32 ho»te 

Co - 

21 


Cx - 

|S tw»va 

t r 

Co 

- Ci 

- 3 r*irw 


SG7.S7 

y/D 

6 1 
fin 



7 O.3o* 

(6 ’ 

V 

* . 

sj= 7J = 

140.5*? 


F-w* ktit-pip^ Q.- §(c* -c/)~ n*? *■ l.XSCy/o^ 3 

g m * e» = -a^MPo, 

H lx 10.30 v ta"> 

_ Tc ^ 

Doe to to^oe'. \X H ) r - ~^r~ - —rrr^T~T7^i - J.3C Mp 4 


Dve ¥o sVicst^ : 

Net: 


J 1HO.S1 x |0‘*» 

(V \ _ yg _ nooYz zttxio- 6 !. - D j-n mPcl 

Wv * rr * cr 7 *. 3 o/o -^)(6 •*■»•*) 

X - 3.3C - 0.54 r= 2.32 MPa 



70. -Z. HPc 

2. 82 MP«. 
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Problem 8.71 





8.71 A close-coiled spring is made of a circular wire of radius r that is formed into a 
helix of radius R. Determine the maximum shearing stress produced by the two equal 
and opposite forces P and P'. {Hint 4 . First determine the shear V and the torque T in 
a transverse cross section.) 




Z r 


T- V= o 


4>Z ~o : T - PR- 

S~tres,£ glctg, 

r = Tsl , zr _ 

Lr j tre* " 


V = P 
T- PR 


curt* a «5*fvess #c<J<z 


Fisv' Sc wu’ c-e rc Se.^ Q, ~ ^3 !T ^ 
So9'< Jl s e, r../ ; £>*\ ? 

vo-. v(£r!2 s = w 


ZPP 

-rrV % 


i = < 5 / * 


X - i J" 


v It ~ 3 -nr' 

supeyoSi’+CoXj r T + r v 


P to 4 4r/3 Virr 3 
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Problem 8.72 


) umi 60 r 


^ / 
i ' { ,1 >- u . / •’<»' •»»• 


8.72 A vertical force P of magnitude 250 N is applied to the crank at point A. 
Knowing that the shall BDE has a diameter of 18 mm, determine the principal 
stresses and the maximum shearing stress at point //located at the top of the shaft, 50 
mm to the right of support D. 


Fo^ce - C O'jpJe- -Sys4e.*>o cC f *f-lte c.e.mj'fo fed esT +t>« 
s-ecA~ion co’rt'io.tM poiVh H- 


F„ - o 


ZSO N 


V, “ o 


Fence es 


250 N 


M z =•-(.! 25 “50 +2S7 (/o"‘)(25“o) - -;?5 W-w 
M* * - (200 sioto d Xl0f : ')(2S‘o') * - 43.30 1 A/.rv, 
—. d = 18 w»i C 5 5 J s *1 l *' M 

X= fc** ^ 51 IS3 «to* 

HS.1olfJ.rv, s S. 153*10* m* 

J - 21 ~ 10.3OfeK/O* 1 


e a * - &X >21 , <u.« MB, 

M X. S.lSSxf 


^ j_c _ (HS-*>0( < *»io~* , > _ 37, g/ 


1(5.Soto 

U&e HoU« r1 s cVtie. 


MP«. 


37.SI 


H3.66 


6c ~ MP^ 

R - 7 (^^T+(a7.8,7 = H3.CS MPa 



6^* 6, + R 
6L * - R 

+«* 2e r » - 1 


QL*=“ 55,5MP* 


MPa- 


75. se 


=- i.TSlO 


y 


9 h * »20‘ 


*£^¥3.7MP*- 
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Problem 8.73 



8.73 A 12-k.N force is applied as shown to the (iO-mm-diameter cast- 
iron post AM). At point H, determine (a) the principal stresses and principal 
planes, (b) the maximum shearing stress. 


DE - -fits'*' 4 - 2 2$ /I' M 

At pOlV>t 15 Fy - o 

■03)(*) *-«■»** 

'(fh) lu ) ,r ~ 4 ' ilS tf * 




K =• 


of ejiJiVajiSrt'f pofre ■ coopJe sestet 
aA' C ; tfe ce^tifUiVt af ika sec./,‘oki 
Corf^iVii'a*! pe>»-it f-/ 

V * 


A* 

OOi? 

O 


I 

&■£ 

■ /be? 


V 

o 

4f 6 /jt 


QAZ'b 



1- 0' 


^ - it ( 0(0 Z k 

t'V.t'-Av 

Sect ion 

pvOypg>/-f t'es 


cK 

&<? , 

/K- A\ 0. r ^ 

~ jtj Ai rn 

A- 

TTC 

~ a h x~] ivcp-A 


1 - 


- &<6$frz 

c- 

M n\ 

J - 

£J 

- Aihq Yto b 

/H*\ 


A 


*. sev^' C'.rr, 


pot-' I f~l 6^ - 


Q. - Avfc . 3 

Me QbiikK/^) (i‘j>b?-Xh.) l ')(2c) 


A 


X OSh 7 ) (e‘ 06 z*ict') 

■y r Tc VQ (t’Miw'Kzol (j'l/SXie’Wf*"*)- (p.o.qziP,. 
L * 3" It ^ toAi^io^ch) ' 


fioy M-Pa 
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Problem 8.74 


8.74 For the post and loading shown, determine the principal stresses, principal 
planes, and maximum shearing stress at point It. 


50 mm 
50 nun 


75 mm 

"""'^' 50 k\ 




i- R&v 


:57Smui l f ;* ; 




• m 
4/i ! 


1 70 ktf 
25 kVJ 

tcW 

Forces 

S-flOeWi ed po ml H 

s- _ _ JP *. H*?~ 

Oh * (v —: 


Coupon ?-'rfs oP -pDir-CC 0.4 pOr’n4 C. 

F x * SO COS 30 a = 43.301 kw 

F* r -so Si« 30 “ 9 ~2S kW ; Fj * - no kfj 

Seepi'oM -Pontes <a>d Couples *4 f4e sec4i6>w 
C©x\4o.tVi iV» poirt 4s H «m<sf K. 

p r l2o kM ( Co^presSi'too ) 

V*- 43.3ol kU ^ Vi “ -ZS khj 
My- -(75 Xo.STS) ~ -9. 37S kW-m 
= O 

H 2 t -(H3.SOI )(o.Z7S)~ - 16.738 kW-tn 


<=|,37F kvJ-w 


14.238 kW-*»i 


A " (}00)(lS"o) = IS x mm 


* IS *IO'’ *> z 


.op py/es 


lx - i^Oh'O VfOO) S - l^.s x |O c mm 1 ' 

= 17.5 x /<T C m* 


ilgoiiol] (-4.375x10 ? )(Soxto-^) _ ^.p 

/Sx/o' 3 \Q.S*lO~‘ ’ <7 " & ra 


r - £ y* 
Lh * 7 a 


7 15 x /o' 3 


A 

—JU- 4. 

iR 


24.5 MPa 


33 MP*. 


4.33 MP<x 
Use ctVe^e. 

6; r - 14.75 MPa 




4- 4.33’ 



$V * & + R * 

GT*. » 6T, - R - 


15.37 HPc 
<5^ - 30./ MP<* 


St - 6T e - R * <5^ ~ 

-hx^v X&p - = - O. 745G 

& = - 8.r 8I.8 6 


* 1? 


l'- IS. 37 MP*. 
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Problem 8.75 


i <. mnr<’ 

, 


2.4 kNI 


... - l." '• 


8.75 Knowing that the structural tube shown has a uniform wall thick¬ 
ness of 6 mm, determine the normal anti shearing stresses at the three points 
indicated. 


it- kM. 

Shear* 

iy 


(a k-N ^ 


3 k-kh 


8£n<ftrK| tv,onoetot 


K- l£R>t*-<^ b l ~ io a ~ Zt - 11% 

h 0 ~ 15^ W- - h„- Zt * 43Min 


I* r ‘fcChcK ‘ kk*) *z*4ii£mj r 

No^wa-i stresses 
cr - J~!i* _ M<Z 


l x Iy 


Shea. If’-t fl ^ s~W sses 

DlVeeb'cn of shea/7t*<j sfr»eSSes 


WM 1 2 * i2 (h, b«f - H; t.I) - '7-2>X(o 6 Khf 

^’)C~7S) (3^16^) ( *37/ &) _ _ i G o, <• /vf/h 

r7-3Xf 0 fc) 2*4K/6 fc ~ 

a^xtofr) ■ lo ^ 6 ^ 

( £Ylcfi)( o) _ C3tt6 G )( i 7^) - _A fe a yuft, - - 

( 7»3X( op) 2>4->fi6 fo 

Po/nl" a. is a« ot/fstVsle co/vte/p 7^“ O '“*• 



' Itk^ 

Due +o V x 




Af poiot fe 


p - 


J 

R- - 


-jl 7* 

C- 


-4/S* bi^. 


Af poio t fc 


Doe +o V, 


* 34<£ 



in*£)( 6;rt^) ~ it? 2 - 0 * ' n ^ Q xb - (M)(t)($ 4*r; ~ /* 

rr' *£» ■ +*"•* V * ^ 4 ** ■ 



Af poinl c 


Qze r Qzt -H ^64) (6)Ct>9"'£) 

'f _ V„0 t „ (nowXfj'iS-y _ o ^ „ 


At 'point C <m<ws ^ 

Tr t4 - O 


Met stteot^Cn^ sV resS *4 points _b «»kI C_ 
*2dj~ 4*7 £ — 44 “ 0 * 2» a [a fifj —•» 

r « P->7/. mp 4 . -*■ 
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PROBLEM 8.0 8.0 Let us assume that the shear V and the bending moment M have been 

determined inagivensectionofaroHed-steel beam. Write a computer program 
to calculate in that section, from the data available in Appendix C, (a) the 
maximum normal stress ar m , (b) the principal stress i7 lnJix at the junction of a 
flange and the web. Use this program to solve parts a and b of the following 
problems: 

(1) Prob. 8.1 (Use V = 180 kN and M = 45 kN • m) 

(2) Prob. 8.2 (Use V = 90 kN and M = 45 kN • m) 

(3) Prob. 8.3 (Use V ~ 700 kN and M = 1750 kN ■ m) 

(4) Prob. 8.4 (Use V ~ 850 kN and M ~ 1700 kN • nt) 


SOLUTION 

We '/aiutr$ cj V tend / v l obiai^ *f f pm C ffaz 



Given Data: 

V - !8okU m = It-S kHm 

d = , bf at XS 7 /n 

tf f tw = 

I <* IbtyY.IO*tnm*' , s *> 

Answers: 

(a) SIGA = }b'Z<\ HP* 

(b) SIGM = 7 ^.2°! kPa 


Given Data: 

V * ‘fakk , M “ q-S kkh, 

d ** bf = 257 >*”> 

tf = t ‘hfcmM , tw = 

X 5=1 Mhn > S *» iH+Gfnto* 

Answers: 

(a) SIGA = MM 

(b) SIGM = HP* 


Problem 8.3 
Given Data: 

V = 700 kN, M = 1750 kN.m 
d ~ 930 mm, bf = 423 mm 
tf = 43 mm, tw = 24 mm 

I = 8470 (10'6 mm"4) 

S - 18200 (10‘3 mm*3) 

Answers: 

(a) SIGA - 96.15 MPa 

(b) SIGM = 95.39 MPa 


Problem 8.4 
Given Data: 

V = 850 kN, M = 1700 kN.m 

d = 930 mm, bf - 423 mm 
tf = 43 mm, tw = 24 mm 
I = 8470 (10*6 mm'4) 

S = 18200 (10*3 mm"3) 

Answers: 

(a) SIGA = 93.40 MPa 

(b) SIGM = 96.56 MPa 
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PROBLEM 8.C2 


Xm 

CP 


m3 - * 






8.02 A cantilever beam AH with a rectangular cross section of width b and 
depth 2c supports a single concentrated load P at its end A. Write a computer 
program to calculate, for any values of x/c and y/c, (a) Ihe ratios and 

o^Jo m , where <7 m „, and a min are the principal stresses at point K(x, y) and a m the 
maximum nonnal stress in the same transverse section, (b) the angle 6 p that the 
principal planes at K form with a transverse and a horizontal plane through K. Use 
this program to check the values shown in Fig. 8.8 and to verify that a nK exceeds 
a m ifxs 0.544c, as indicated in the second footnote on page 499. 

SOLUTION 

Styce flic dltftib'ofion of'th? normal ofres*& 

h linear , wthcnie ( l }f c ) O') 

where O - F\C - PZc (?) 

m l x 


nbe Erj-C&.fy page k c (8 * 


<0 - (Lift 

2 A ' 


1 ’ 


D/pv/w ( 3 ) b‘t (z): /- (Ml 

1 cr. ~ z a xc 


b r, ^ince 


I _ A bfctf - / r*-' 


w " A ~ b (2c) S> ^ J Qj n ’£ X-fc 

Letting X - Z A anJ £p-(0 ami W / 

^ r- Y ^ ** Xf ’ 

(Js //Hj Holt/} circle, We calculate. 



j 0 .p- t (LX) 


lY+R 


Wi 28 p -Si 
P */> 

pom 


f-r „ /~y z 
Z/(Y/l) YY 


iVtxs ctrbifraril'j assumed in Fig- P8>C2 % 


A 

-/ 

peun - 


i 

rfV 

t-y* 

1 l 

XV ' 

is 



(CONTINUED) 
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PROBLEM 8.C2 CONTINUED 




For 

x/c = 2 : 




For 

x/c = 8 : 



y/c 

Sigmin/Sigm 

Sigmax/Sigm 

Theta 

' ! 

y/c 

Sigmin/Sigm 

Sigmax/Sigm Theta^ 

1.0 

0.000 

1.000 

0.00 


1.0 

0.000 

1.000 

0 .00 

o. a 

-0.010 

0.810 

6.34 


0.8 

-0.001 

0.801 

1.61 

0.6 

-0.040 

0.640 

14.04 


0.6 

-0.003 

0.603 

3.80 

0.4 

-0.090 

0.490 

23.20 


0.4 

-0.007 

0.407 

7.35 

0.2 

-0.160 

0.360 

33.69 


0.2 

-0.017 

0.217 

15.48 

0.0 

-0.250 

0.250 

45.00 


0.0 

-0.062 

0.063 

45.00 

-0.2 

-0.360 

0.160 

-33.69 


-0.2 

-0.217 

0.017 

-15.48 

-0.4 

-0.490 

0.090 

-23.20 


-0.4 

-0.407 

0.007 

-7.35 

-0.6 

-0.640 

0.040 

-14.04 


-0.6 

-0.603 

0.003 

-3.80 

-0.8 

-0.810 

0.010 

-6 .34 


-0.8 

-0.801 

0.001 

-1.61 

-1.0 

-1.000 

0.000 

-0.00 


-1.0 

-1.000 

0.000 

-0.00 

To 

check 'that 

> % 

it 

SL 

< O t ^ L ftC J we 

run the 


for 

Vc - O.Sd-H and -foe x/q 

“ O.TtfS cincj 

obsen/e 

that 


eX'Ccefo 1 tor ses/erai Values of ^y c '<y\ fhe f/'rsf 
£***$ jM cites not e/coed 1 in the Second case . 


For x/c = 

0.544 : 



y/c 

Sigmin/Sigm 

Sigmax/Sigm 

Theta ^ 

0.30 

-0.700 

0.9997 

39.92 

0.31 

-0.690 

1.0001 

39.72 

0.32 

-0.680 

1.0004 

39.51 

0.33 

-0.670 

1.0005 

39.30 

0.34 

-0.660 

1.0005 

39.09 

0.35 

-0.650 

1.0003 

38.88 

0.36 

-0.640 

1.0000 

38.66 

0.37 

-0.630 

0.9996 

38,44 

0.38 

-0.619 

0.9990 

38.21 

0.39 

-0.608 

0.9983 

37.98 

0.40 

-0.598 

0.9975 

37.74 


For x/c = 

0.545 : 



y/c 

Siamin/Sigm 

Sigmax/Sigm 

Theta^ 

0.30 

-0.698 

0.9982 

39.91 

0.31 

-0.689 

0.9986 

39.71 

0.32 

-0.679 

0.9989 

39.50 

0.33 

-0.669 

0.9990 

39.29 

0,34 

-0.659 

0.9990 

39.08 

. 0.35 

-0.649 

0.9988 

38.87 

0.36 

-0.639 

0.9986 

38.65 

0.37 

-0.628 

0.9982 

38.42 

0.38 

-0.618 

0.9976 

38.20 

0.39 

-0.607 

0.9970 

37.96 

0.40 

-0.596 

0.9962 

37.73 
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PROBLEM 8.C3 


8.C3 Disks D\, lh, ..., D„ are attached as shown in Fig. 8.C3 to the solid shaft 
AB oflength L, uniform diameter d, and allowable shearing stress r„ii. Forces P(, 
P 2 ,. . . , P„ of known magnitude (except for one of them) are applied to the 
disks, either at the top or bottom of its vertical diameter, or at the left or right 
end of its horizontal diameter. Denoting by r, the radius of disk /), and by c, its 
distance from the support at A, write a computer program to calculate (a) the 
magnitude of the unknown force P f , (h) the smallest permissible value of the 
diameter d of shaft AB. Use this program to solve Prob. 8.19. 



SOLUTION 




/,- Determine -the unK^owin ■force 7^ by eyoah*$ ~hj 
H\r Stan ( { /fjeir fortjMts 7 \ aboOt the Z OX'l5- 

Z. Determine fbt component's (^)i ahd (F ? ) ^ erf crlf forces. 

3, fe nn ine Fhe com^o n > ts An oa id A, of rt a oft bii at P 1 

by joirtrti t)? o niomeuts a boob *tx?< E^//£ a net JZty *//H-; 

rv« -V-W^ Fafffo 

^^-0: ^ = It E(F t ) { (.L-c l ) 

lh 'Determine , (/M*),, anJ forfi/e T- jost fo ike left 

of dtsk D[: 1 

(tli) r =--Aj°L -f(f y ) k <c l -c A > 1 
1 1 % < c i " C'k >° 

yk?re < > in die*, fee a s>inyv farit y function. 

The_ minimvirj AianieMr at rejoiced to the. left of A 
O b f at nod by fito f commoting (J/c\ f rom £ y. (ft J) *, 

(!) - fOSfi t(nfi + V 

\ C J { - . -£— (CONTINUED) 

Call 
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Problem 8.19 


Length of shaft- "72.0 rtv.ivi 
TAU {ksi) = M 

For Disk 1 
Force * 2 k A/ 

Radius of disk = foo <«->>. 
Distance from A= ( $c> t* 

For Disk 2 
Force = 0.000 kkf 


Radius of disk 
Distance from A- 
For Disk 3 
Force = a k-A/' 
Radius of disk = 
Distance from A= 
Unknown force- - 
AY- v. kM , AZ- 
BY~ %kH, BZ~ 


jGi 3 

S bo M tn . 


j Or? . 

S’4 -o in in i 

- 61 kN 

h'Z&k-N 
toJS- kH 


Just to the left of Disk 1 
MY= y. 24 kNi-n 

~ 0"'&6 kN ^ 

T= 0.0 00 0 KNb- 
Diameter must be at least 
Just to the right of Disk 1 
T= e>z.kN*» 

Diameter must be at least 
Just to the left of Disk 2 
MY= o*4#fc*/h. 

MZ= - O'“S& MM *1 

T~ O'2 iAi in 

Diameter must be at least b> rn 

Just to the right of Disk 2 
T= <-0'ZktJn i 

Diameter must be at least . 

Just to the left of Disk 3 
M¥= 0(2.4 kit*! 

VIZ- — o- ’I& kN fn 

T- .... x 

Diameter must be at least 3S* 3£ ww, 
Just to the right of Disk 3 
T= 0.00 kMm. 

Diameter must be at least 3445 **►*»• 
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PROBLEM 8.C4 


8.€4 The solid shaft AB of length i, uniform diameter d, and allowable shearing 
stress Tail rotates at a given speed expressed in rpm (Pig. 8.C4). Gears Gu Gt, ■ ■ ■ 
, G„ are attached to the shaft and each of these gears meshes with another gear 
(not shown), either at the top or bottom of its vertical diameter, or at the left or 
right end of its horizontal diameter. One of these gears is connected to a motor 
and the rest of them to various machine tools. Denoting by r, the radius of disk 
G t , by ci its distance from the support at A, and by ft, the power transmitted to 
that gear (+ sign) or taken of that gear (- sign), write a computer program to 
calculate the smallest permissible value of the diameter d of shaft AB. Use this 
program to solve Probs. 8.25 and 8.29. 



SOLUTION 


1, F/feer fe) trt rpm and defer mime frcp jen C H cf — cd /60 • 

2, For co.ch gear, Hefcnnme the fonjoe r fe[ 

where Ff is the pov/er input or ofepu-t fhegear. 

3 , For c« ch determine 1he force F' L - / • /t' f/erf of 

tm lUegear and its Components (Fg)i a>n d(^F) ■ • 

Determine /Hie e ovrip onenfj id fig of reaction cit f\ 

f>y moment about ateo &Z* <xr*H 

ffeW 0 L - 2 " (fy\ (l -C,) 0 , Aj, r - L Z(/p. (L - Ci ) 

f\ t l t'Z(F ? ) ; (L-C/) = P, -± -<:,•) 

5. Determine (A^)> 3 (M*). 7 and torrjve 7^ just % few jett 

of gear Qi ; 

(H fe -- ^c. -rf( F X< 

(Af*)t = -V,. - f (F A < c a c F 

T. - E T <c* > 6 

( k k 1 k 

Where < > indicates a Sni^ularthf function. 


(CONTINUED) 
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PROBLEM 8.C4 CONTINUED 


6, The Min\murt die\Mefer cl required te /he /eft of 6[ 
Ohtained by hirst compute (j'/c)i from Ef'fS. Jj‘- 


( 4 ), = 


Y (*,)] + (»& V 


' 3 

7. Ke.ca dine] that fT -f> Tf and jthv&j That (c~)^ -£ ^ L> 

tie. h ax/e C< =jL (2) & ah / r Jt Aj\ ^ ^ 

7^/$ /* f/?,s required d<$rv(eter j Ust 4b /e/f' (54 

8. T^e required d/a^attr just to the rtjyht ^eat(j' c i$ 
obtained hy Yepldcmg T. with 77^ ih The above. comfdtaTfon . 

9. 'The smallest f>ermU$/6/e Value of the <4 faw-eter of ife? 
Shaft is the tajy est af the do lues obtained for d> - 


(CONTINUED) 
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PROBLEM 8.C4 CONTINUED 


PROG-RAM output . 


Problem £ <■ if* 

Omega * 600 rpm 
Number of Gears: 3 
Length of shaf t ® & o-o rw fn 
Tau m yj» MfH 
For Gear 1 

Power input = 4 & kbV 

Radius of . gear® 7 S' M «*» 

Distance from A in tntw = (o t? h»w». 

FY= 0 

FZ * "qtgsr ^ 

For Gear 2 . . 

Power input = — k- * 

Radius of gear® te-c b\ h* 

Distance from A in inches = 2513 w( i. 

FY= Ul% 

FZ - 0 
For Gear 3 

Power input » -IS^W- 
Radius of gear® tot M. ♦*> , 

Distance from A in inches = 4SO ml1 ’ 
FY= 0 . , . 

FZ = — i'jPi LA# 

ay® ~ 2«7^ k-tJ., AZ®--'7*-3.6 fck/ 

BY= , BZ»,U*2.M-N. 

Just to the left of Gear 1 
MY® -d*7Sfe iW **• . 

MZ= oieY.. M*i- 
T= 0.000 kfvOn . 

Diameter must be at least 4 J< , i?hwti 
Just to the right of Gear 1 
T» 

Diameter must be at least 4& s 2-> v ' M 
Just to the left of Gear 2 
MY® - kfijfa , 

MZ= feNH, 

T= •-‘Tffeejtf'tA/fci . 

Diameter must be at least 44’^**** 
Just to the right of Gear 2 
T® 2i£-7 Mki ■ 

Diameter must be at least 447 ^ • 

Just to the left of Gear 3 
MY® o ► 02 “1 n Lkl to 
MZ= p> 

T» 2’ifaTZ th/JH - 

Diameter must be at least 2*4 K*n , 
Just to the right of Gear 3 
T« 0.0000 k-N >h 

Diameter must be at least « 


Problem 8.29 

Omega = 450 rpm 
Number of Gears: 3 
Length of shaft = 750 mm 

Tau «. 55 MPa 

For Gear 1 

Power input = -8.00 kW 

Radius of gear® 60 mm 
Distance from A in mm » 150 
For Gear 2 

Power input ». 20.00 kW 
Radius of gear=100 mm 
Distance from A in mm = 375 
For Gear 3 

Power input = -12.00 kW 
Radius of gear® 60 mm 
Distance from A in mm = 600 
AY= -0.849 kN, AZ® 4.386 

BY® -3.395 kN, BZ= 2.688 

Just to the left of Gear 1 
MY= 657.84 Nm 

MZ= 127.32 Nm 

T= 0.00 Nm 

Diameter must be at least 39.59 mm 
Just to the right of Gear l 
T®-169.77 Nm 

Diameter must be at least 40.00 mm 
Just to the left of Gear 2 
MY=10G7.98 Nm 
MZ= 318.31 Nm 
T=-169.77 Nm 

Diameter must be at least 46.28 mm 
Just to the right of Gear 2 
T= 254.65 Nm 

Diameter must be at least 46.52 mm 
Just to the left of Gear 3 
MY® 403.19 Nm 
MZ* 509.30 Nm 
T® 254.65 Nm 

Diameter must be at least 40.13 mm 
Just to the right of Gear 3 
T® 0.00 Nm 

Diameter must be at least 39,18 mm 
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PROBLEM 8.C5 


V, 

;H "" ft'' 


|«- £ ~P*j 



C h 


8.C5 Write a computer program that can be used to calculate the normal and 
shearing stresses at points with given coordinates y and z located on the surface 
of a machine part having a rectangular cross section. The internal forces are 
known to be equivalent to the force-couple system shown. Write the program so 
that the loads and dimensions can be expressed in either SI or U.S. customary 
units. Use this program to solve («) Prob. 8.45b, (b) Prob. 8.47a. 

SOLUTION 

P/OZffm i> /> 

! ^ - a t> x * b 3 i/t j * b hV/7 

3 Sr 

Fan Pc,/'>7 on •S’tMFAce^ P-7/TP& fj WO 2 

'j 2 fSfuzr S»r/S-ry C>f/£ op Po Lloo*rA&: 

^j Z - h*/f #f'0 (0 

b*/# p/fo ij tv* ( 

/PJF/TM&z (f) on (z) fipjF ST/F77S p-/eo j oo/^purs 

m- JL+ g 

<1 I T 

/P b’/v J P&» 7 - is on V£R7?e.AL PUKPAOr wp 

Q a s *)z •=• £>(£--4?) 

'7'— Ya Q 3 

2.^6 

IP ^ 2 - bV ^ / 77 /P fit'ff/y >S c* port>2.0*741 gonFPct; fi><p 

Vg q 3 

l u h 
a 
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PROBLEM 8.C5 CONTINUED 



Force-Couple System 


P- 10 AN l/y - - 150 U Vi = -TOO 6 

tly = (SOO ) - MO W'»1 Hj. = (7S-0 UfM-rh 

Problem 8.45 a Force-Couple at Centroid 

P * 10000.00 N 

MY « 110.00 N-m KZ = -135.00 N-m 

VY = 750.00 N VZ = 500.00 N 

+ + + + + + + + + + + + + + + + + + + + + + + + + + + 

At point of coordinates: y - 16.00 mm z » 0.00 mm 

sigma = 18.392 MPa 

tau * 0.391 MPa 



K/j, <s ( '2 S'k-N )(o<z62(») z f.-2(rkM»> 
Mg = (§ khl)(0‘XC^) k-Mo 


Problem 8.47 b Force-Couple at Centroid 

p » -wb \cM. ,, , . 

MY * S‘ikhHM MZ » ~ 

VY « VZ * U-/J 

'f-i- j f + + + + -h + + + 4'-f4’ + + + + 4'4- + + -f'f4- + + 

At point of coordinates: y > 'liMM z * 

sigma * 46*7 hPq 

tau * -S‘3 14 bn 
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PROBLEM 8.C6 



8.C6 Member AB has a rectangular cross section of 10 x 24 mm. For the 
loading shown, write a computer program that can be used to determine the 
normal and shearing stresses at points H and K for values of d from 0 to 120 
mm, using 15-mm increments. Use this program to solve Prob. 8.35. 

SOLUTION 4-1*- /* ™ ^ 


C/COSSS P?^r77PO/ 


f)(a. o/o zho yw ^ *" 

jT~ J t2 - (SQAHxtO ^ 

- - 2 

tZ 3= 0*£(o.&Z1rm) ~ /2*IO ^ 

£ (impure r?eficTtoN *t PI, 




/ZOVtrir, 


3o 


, o 

[/20 Tnn -a)j/r> 30 

TOPB &e>py ft to ^£-C770fS CO/-/7~#/TJ/MA p&S,7r // f)/*0 

o. Wh f 



(POmTrl — <0 


(&0 '7rrv> 




PTOARAM OUTPUT 


Pfw»f i /f d<&o»*'>» TPcc? P37P- J pist-- <rpp-o 

Woo?AM rapCf -ccn>piF SYS TP/C 

T- — F\ SJO 30 - po-i 3c?(T 77 4 

y - _ /? CCS 3cf + (9-T/*)sic30 (STp) 

fc} ~ ft (&Soti*h)Cc>s%c> - (J-fey’tyfBO'mn'i —.U)s?/7jo (37 ~p) 

<\r po/Arr / / r 

f)T ft>/NT K ■' 

% ~ **-/! 


Problem 8.35 





Stresses 

in MPa 


d 

trim 

SigmaH 

TauH 

SigmaK 

TauK 

0.0 

-43.30 

0.00 

-43.30 

0.00 

15.0 

-41.95 

3.52 

-65.39 

0.00 

30.0 

-40.59 

7.03 

-87.47 

0.00 

45.0 

-39.24 

10.55 

-109.55 

0.00 

60.0 

-37.89 

14.06 

-131.64 

0.00 

75.0 

-36.54 

17.58 

-153.72 

0.00 

90.0 

-2.71 

-7.03 

-96.46 

0.00 

105.0 

-1.35 

-3.52 

-48.23 

0.00 

120.0 

0.00 

0.00 

0.00 

0.00 
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PROBLEM 8.C7 


: : ISO mm 


*8.C7 The structural tube shown has a uniform wall thickness of 8 nun. 
A 40-kN force is applied to a bar (not shown) that is welded to the end of the 
tube. Write a computer program that can be used to determine, for any given 
value of c, the principal stresses, principal planes, and maximum shearing stress 
at point H for values of d from —75 mm to —75 mm, using 25-mm increments. 
Use this program to solve Prob. 8.62a. 

SOLUTION y l < 


100 Him i 


nn | 

'"'O ^ 4 mm 
40 fcN 


6- j ^ r 

loot’ 1 * 1 

i 





fjR't-t) £mcio££-£ > 

a* (oL-txb-i) 


T~ - 1 — 


?€ 

Bta. 


X r ~ Svweuvl 
£?/Z(xs Jpof 
Te> 7£>g-Zre>f-f 



m. 

it 




Ptf/*t/f*L Snussms" 


Mjj ) 

I 


ovt ri> V 

— ^ro mi*’’ 


%-~ T v 


F&ecB-CovpLe Sys^zm 

y- 4ofcM i 

Alp (4otN) (o**£*) 
- lohhlb. 

T- (4oInJ 

id j. 



„ Qr^d-t) ^ P 

f ~ J ji «.4%? -(p.-2i)Lt- Zip ’ 

y o r T- &U&W+V STHKf I 



%-, r - i% ; I?.| (?) <- 

ww-e; & P d M '(itrh z,«stf(?F + % 


Rectangular tube of uniform thickness t = &m no. 

Outside dimensions 

Horizontal width a a f5o 
Vertical depth b = io^i in m. 

Vertical load P = 7-okWj line of action at x = ~c 
Find normal and shearing streses at 
Point H (x = d, y ■* b/2) 

Problem 8.64a Program Output for Value of c * yin^bi. 


d 

RIM 

sigma 

M &\ 

tauV 

tauT tauTotal sigmaMax 
MR, MIT, Mfo 

sigmaMin 

M/h. 

tauMax 

theta p 
degrees 

-45 

S02, 


-73-Jr? 

-3fc-76 

<18'08 

-(3-46 

&S -47 

- 127-48 

- 5o 



-n-si 

— XS'l'Z 

47-32 

~5‘t > 

sn-zi 

- (o-j 4 1, 

-15 


-7*77 



84-31 

— 2T'd 7 

4"7-2o 

- gS~4 *b 

O 

E5-OJ, 

O 

-IP61 

-13-61 

84- Z2. 

-3-HL 

44--A2 

-8-84 

35 

ft-S^cK 

7-77 


-6-40 


- 0'4O2. 

42-£l 

-ZferOT- 

So 

&S -02 

l£Tsbo 

~tz,si 

2. cl 

24-- 37- 

-o.6 on 

4x-(S 

7*// 

7 5 

86-o3. 

aV? 6- 


*?*77 

9S-21 

“PIS 

4-1*26 

43-25 
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Chapter 9 
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Problem 9.1 



9.1 through 9.4 For the loading shown, determine (a) the equation of the elastic 
curve for the cantilever beam AB, (b) the deflection at the free end, (c) the slope at 
the free end. 


O’SHj = o : Mo - m * o Hi - vi, 




M 

Cp= 

cr . 

V k— L 


EJ^ - + c t 

(eo EAtsl i'g „ 


(C) L. 


£ X " 
L - L ^ 


El ^ 4- C, 


M 0 X l -+ C, 96 H <2. 


r**«v * °1 0 = o ac, 


o - 04 Ci 

y ? ^^2 

J 

tj'-f _ Mo"*- 

^ * Er 
, _ M P L X 

ye “ 

<k I _ M* L 


&L* 


B El 


C. - o 


C t =• o 


Mo L” 


y„ ~ ...■-■o.js- 

> zer 


f 
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Problem 9.2 9.1 through 9.4 For the loading shown, determine («) the equation of the elastic 

curve for the cantilever beam AB, (b) the deflection at the free end, (c) the slope at 
the free end. 



y :o 1 

-£= 

■u 



X> ZHj- = o : - M - P(L-x ^ - O 

M = - P(L~x 

El jgft - - Pd-x) - - PL + Px 
EI3* * - PLx + iPx" + C, 

[■x* O i - o'] O ' - O 4 O - C, 


[x- a j, o 1 
(eO EPcsti'c carve . 

(b ) y & x - L . 


C, -- o 

LJ ~ “ i?Lx z g 

o - - 0 - 40+0 + c 


Ely = “ ^Px 3 + C,x + C* 


o 




_Pxl 

& El 


( 3L - x ) 


^ 2£:J v 


y* 


, -nl K 3L - L) 

fc.£X 


£12 
3 ex 

Vr ,£L 3 j, 

JB 3£X 


(O i/gxsl; 

**x _ 



_ PI 

2£X 


(U-L) 


£il 

“ 


jn2; 
2 ex 
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Problem 9.4 


9.1 through 9.4 For the loading shown, determine (a) the equation of the elastic 
curve for the cantilever beam AB, ( b ) the deflection at the free end, (c) the slope at 
the free end. 



"2. Uta 

u/C*} - —r*~* 


tO/ 


(.*.') - - 5 wCx") d*. = -SC 


ZuJ. 


to 


s') d: 


CJr, 


+ tOoV. + c. I 


O + o + c, 


[* - o, V - o] o 


c 


- 4- ^ y, Z 4- C. 

2>L * z * • 


[* 

= O, 

M - o] 

o = 

O 

+ o + c x 

EX 

d 2 r 

~ tA - ~ 

u, o 

2L.* 

+ 

U>o * 

T* 

£X 


u> 0 4- 

Ui 0 

3 


A " 

12L. 

+ “£~ 

X 


L* 

~ t- > 


O = 

- 

u) 0 L? U 0 L 3 

12 + £ + C 3 






_ U> 0 1? 




t 


12 



Uo sr , 

Wo 4- 


U) 0 L? , 

ex 

Y = 

~z?z* + 

24* 

“ 

12 X + *~A 


[x - L y 


= o] 


o 


U) 0 l5~ to 0 L 4 
6.0 24- 

- _ 7 UJolj'' 


u> 0 L* 

12 


+ C A 


120 


(a) SlAVnc CufcdS. t y = ” t20£IL^ 2 * 5 ''‘ 5L **" + ,OL ^ x 


(b~) y e * * o - 


Cc> ^ <*> X * O : 


Ya= * 




. 7w # L 4 

Ya “ 

120 £X 

UJ„L 3 

I2E.T 



i 2 o ex 


L? 

izex 
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Problem 9.5 


O 

p = tea 


9.5 and 9.6 For the cantilever beam and loading shown, determine («) the equation 
of the elastic curve for portion AB of the beam, (/>) the deflection at S, (c) the slope at 
B. 





FBt> A,BC 





FBt) AT : 



UStMCV ABC A£> A FR£«= Bo&Y, 

•+ tr^ = O *. + 2iua. - fwo. * O 

4- <4* « 

R A = - 3 W< *- * 3 WA * 

•O I.m a = o : -m a -b(zujAy^ - ('4 wa Y 3<£)= o 


m a - o 

OsiNCr AT AS A FRE.& BoftYj 

M + -('wkY”') » O 

i 2 . 4* 

H - iWK. “ 3 'hJAV. 

— _ t z 4 

£X___Z = z LOX. ~ — UlA* 


g-T « “tux,' 


•tuctx +■ C, 


Ck-o.^-o]: o = o - o + c, 


C, ~ o 


ETy - z 4 wx4 " 


ro] 1 . 


o - o + C- 


C 7 * O 


(tX) &LASTVC CUR.VJE OS1AB 


7ZEX 


(BX 4 - 1&O.X 3 ) 




at x * 2a. : 


at x = la. : 


Yb ~ 

(a2V 


to hoar 

&x 

~^~tua 3 

3EI 


Vft = i£i±i£ 4 
Yb * 

e - 4 ^ 
a B 3 ex 


Proprietary Material, © 2009 The McGraw-Hill Companies, Inc, All rights reserved. No part of this Manual may be displayed, reproduced, or 
distributed in any form or by any means, without the prior written permission of the publisher, or used beyond the limited distribution to teachers 
and educators permitted by McGraw-Hill for their individual course preparation. A student using this manual is using it without permission. 


www.elsolucionario.net 





www.elsolucionario.net 



Problem 9.7 


tcL 

f = t y\ 



m [;:.*) 


9.7 For the beam and loading shown, determine (a) the equation of the elastic curve 
for portion BC of the beam, ( b) the deflection at midspan, (c) the slope at B. 


Usi «2 A8C as «. -free 

O-ZMc-o: (f Xf) - r CwLXH - ° 

f?s ~ 


m J 


FoV' pcnrfio*) SC oni^ (O < X, < L 1 
^ t) XMj- - o : + * ) - £wLx + (wx + M - o 


M - —wLx. -Aw** - 7^ wL’ 




— & w Lx - 4- WX* - 


El ^ - ]| wLx'- JwX 3 - * C, 


El j - 

[* * O J, J=o] 
[x= L 4 y = o] 


ft>) Y g> x * '4 


(o') ^ @ X - 0 


£ lo " ^ 

wLx 3 ~ ^wx 1 ' ~ 4 C ( X + C t 

OrO-O-O + o 4 Cj, 

o -- (&-j& -jro^ + e t L + O 


C z - O 


f = ~ -L- wL s 


y = 

' < 
El ' 

' ±1^ 

V lo *- * 

_ X y* _ X 

LV- 

_L 

tao 

L 3 x ) 

<k- 

a 

EX ' 

'A 1 -** 

_ - -L 

4 * /o 

Cx - 

i 

Ho 

L* ) 

r — 

M ' 

~ j 

El ‘ 

f « i(a 

f- MV - 

•J- l 2 ( 

7.0 K 

x) 1 

- ,i lw] 


w L' 

J i- - 

/ J 

_ 1 


13 wL v 


El 

i 8o 

389. ~ ?o 

~ 210 

5 

1120 EX 







13 vvL‘ 


& ° *± 1 ’) 


wL 3 

l 2 o EX 

A W L 3 
w e~ f^oex ^ 
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Problem 9.8 98 For the beam and loading shown, determine (a) the equation of the elastic curve 

for portion AB of the beam, ( b ) the slope at A, (c) the slope at B. 
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Problem 9.10 


9.10 Knowing that beam AB is a W! 30 x 23.8 rolled shape and that P - 50 kN, L 
1.25 m, and E = 200 GPa, determine (a) the slope at A, (b) the deflection at C. 
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Problem 9.11 



£w.L 


9.11 For the beam and loading shown, (a) express the magnitude and location of the 
maximum deflection in terms of w 0 , L, E, and I. (b) Calculate the value of the 
maximum deflection, assuming that beam AH is a W460 x 74 rolled shape and that 
wo = 60 kN/rn, /, = 6 m, and E ~ 200 GPa. 
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Problem 9.12 


9.12 (a) Determine the location and magnitude of the maximum absolute deflection 
in AB between A and the center of the beam, (b) Assuming that beam AB is a W 460 
x 113, M q — 224 kN m and £'=200 GPa, detennine the maximum allowable length 
L so that the maximum deflection does not exceed 1.2 mm. 
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Problem 9.13 


9.13 For the beam and loading shown, determine the deflection at point 
C. Use £ = 200 GPa. 
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Problem 9.14 


M 0 = 38 kN ■ in 


9.14 For the beam and loading shown, determine the deflection at point C. Use E - 
200 GPa. 
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Problem 9.15 


9.15 Knowing that beam AE is a W360 x 101 rolled shape and that Mo = 310 kN m, 
L = 2.4 m, a - 0.5 m, and E ~ 200 GPa, determine (a) the equation of the elastic 
curve for portion BD, (b) tlie deflection at point C, 
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Problem 9.16 



9.16 Knowing that beam AE is an S200 x 27.4 rolled shape and that P- 17.5 kN, L 
- 2.5 m, <7 -■ 0.8 m and E = 200 GPa, determine (a) the equation of the elastic curve 
for portion BD, ( b ) the deflection at the center C of the beam. 


__ wmi - x 

— n c ° C-e* SftfleiT p*4i'o<A ABC 

*'“ * " a *" $ cdiOixt C,. 

- — /,/2 ■— U2 - * 

Raeojf \o*s t P* - Re = P 

BeonJa^ - [x- J * C.2j [X ' a, Jf'J'Jj [* = ^ ^ ], fx* t ' “] 


0 < X. < a 

El ’ M - Px 

El - W + C, til 

E-Fy r g-Px 3 + C,* + C* (z) 

[XrO^.-o] — ^ * O 

£*'*> i pa -‘ + 

E*> iPa* *■ 


q.< %■ ^ l-cl 

El -j^i, ~ M - Pa. 

£lfj* r Pa.x +• Cj 
El^y - ^Pxx + C s x + Ct 

2 a in T Qs -- - ^Po.1 


a-Pa 1 + C, ~ Pa z -iPccl C.\~ k PaP - i 1 

±Pa* f (i^-i^drTa = iPB?- iftsl + c, 


C * ^Pa^-iPaL 


Cq - £ Pa* 

CeO £$<*■$ i'c cct'i/e pof'ftc no 8D . 

- o ( x Pax* -* C, x •+ C Y ^ 

- ( iax v - io-Lx 

je£^ec4jV^ gjfr Q_ set X - ^. 

Pcttfi- ~* X - x fO inrvP = £3 . e fx/0 6 VrP j £T ~ ’ZOOxlO^ 

? =■ n.S*lo 3 N J a «■ o.S m 


(|7^X1qM(o, 83 fgg* 08 O 

X c (2oo*/o' , X23.<?Wo s )l * “ € ] 


— /. 97£ v /o' >*•* 


y t “ l.^llC MmV 


www.elsolucionario.net 






Problem 9.17 


9.17 For the beam and loading shown, determine ( a ) the equation of the elastic 
curve, (b) the deflection at the free end. 
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Probiem 9.18 

r ll: ~ w u [' — 


9.18 For the beam and loading shown, determine (a) the equation of the elastic 
curve, ( b ) the slope at end A, (c) the deflection at the midpoint of the span. 
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Problem 9.19 
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9.19 through 9.22 For the beam and loading shown, determine the reaction at the 
roller support. 
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Problem 9.20 
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9.19 through 9.22 For the beam and loading shown, determine the reaction at the 
roller support. 
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Problem 9.21 


9.19 through 9.22 For the beam and loading shown, determine the reaction at the 
roller support. 
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Problem 9.22 


9.19 through 9.22 For the beam and loading shown, determine the reaction at the 
roller support. 
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Problem 9,23 


9.23 For the beam shown, determine the reaction at the roller support when wg = 65 
kN/m. 
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Problem 9.24 


9.24 For the beam shown determine the reaction at the roller support when w 0 «= 65 
kN/m. 
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Problem 9.25 


9.25 through 9.28 Determine the reaction at the roller support and draw the bending 
moment diagram for the beam and loading shown. 




[k-O fo] 

f 


U-.L; j :6] 


tons are a4 «J{c JfJfy e4eirt^ > f\<sA e . 

+ 17 Fj = o: tf A + £ a -p-r o 

-M A 4 £pL-R a L = 0 

M,- R B L~iPl 


O < ^ 


H - M. + 




Er ^ - m a + 

E£ M fl ->6 ■+• -+ C, 

£Tj - iH fl x l 4t!? A y J 4 C,^ + C, 


/. * X* ■*- L 


M- H* 4 “ P(x--kL) 


EI^~C ~ M - M* + P*x - P(V-±0 

EZ ^ - M,* + iP(x-iLp + C 3 

EI^ - 4 C,* + Cy 

[X * Oj 0 + O 4 C, * o 

^ f «] 040*04 C.*© 


C, - o 


C.-' o 


fc* k^L + iKL x + O = +c 3 C* = o 


L*- r 2jj?yl + o 

* ^H A ip4 ^RaL 3 - 0 4 O 4 

[x-^Ljjro^ aKL 1 + ^ PL- 3 + 0 4 0 - O 

if^i-^PU^iCP-Rg'a'-^PiL 3 *o 

R* * p - g P 

Ha « fpL-iFL 

Me. - R e (j ) r (ft p ^?0 

* £. PL 


C, = O 


Ra-^pf -* 
R^ir p f 
^ = — 

^V~ 33L 

Hb « O -*a 


-jfP!L 


IiHA V*0V*G *\T p{\^/AWV 


www.elsolucionario.net 




Problem 9.26 


9.25 through 9.28 Determine the reaction at the roller support and draw the bending 
moment diagram for the beam and loading shown. 
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Problem 9.27 

-rrTTlc 


9.25 through 9.28 Determine the reaction at the roller support and draw (lie bending 
moment diagram for the beam and loading shown. 
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Problem 9.28 



9.25 through 9.28 Determine the reaction at the roller support and draw the bending 
moment diagram for the beam and loading shown. 
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Problem 9.29 9.29and9.30 Determine the reaction at the roller support and the deflection at point 
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Problem 9.31 


9.31 and 9.32 Determine the reaction at the roller support and the deflection at point 
Difa is equal toX/3. 
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Problem 9.32 





M, 



9.31 and 9.32 Determine the reaction at the roller support and the deflection at point 
D if a is equal to L/3. 
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Problem 9.33 


9.33 and 9.34 Determine (he reaction at A and draw the bending moment diagram 
for the beam and loading shown. 
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Problem 9.34 


9.33 and 9.34 Determine the reaction at A and draw the bending moment diagram for 
the beam and loading shown. 
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Problem 9.35 


9.35 and 9.36 For the beam and loading shown, determine (a) the equation of the 
elastic curve, (jb) the slope at end A, (c) the deflection of point C. 
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Problem 9.36 


9.35 and 9.36 For the beam and loading shown, determine (a) the equation of the 
elastic curve, ( b ) the slope at end A, (c) the deflection of point C. 
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Problem 9.37 9.37 and For the beam and loading shown, determine the deflection at (a) point 

B, (b) point C, (c) point D. 
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Problem 9.38 


9.37 and 9.38 For the beam and loading shown, determine the deflection at (a) point 
B, ( b) point C, (c) point D. 
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Problem 9.39 


9.39 and 9.40 For the beam and loading shown, determine (a) the slope at end/I, ( b) 
the deflection at point II, (e) the deflection at end D. 
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Problem 9.40 9.39ami 9.40 1'orthe beam and loading shown, determine (n) the slope at end A, (b) 

the deflection at point B, (c) the deflection at end D. 
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Problem 9.41 


9.41 For the beam and loading shown, determine (a) the equation of the elastic 
curve, (b) the deflection at point B, ( c ) the deflection at point C, 
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Problem 9.44 9.44 For the beam and loading shown, determine (a) the equation of the elastic 

curve, (b) the deflection at the midpoint C. 



6X 6SK«A€rTS.Sf } ~ f2. a » W*. 

Lo('A') ~ UJ - to 4- CO < X “ 3 aCf 

J~ - - U>60 ~ -Ui + ~ LO^X-3«t.y > 


S*M- sj- 
dx v 

8 *A~ 

COX 

4- u> < (x - a.') 

- u)< 

[x - 3 ex') 



\A - 

+ R a x 

i 

~ Z. 

U)X Z 4- 4;U)<X 


- iu)<*- 

3 a.') ^ucrrt 


M — u)tx.% 

- -^ulx L 4- -^rUJ 

<*- 

cCf - 4u><X-3a-> ? ' 


EI & = 


Co 

WX 3 4- f U)<X 

- ir^<* 

- 3 (C? 

4- 

= z 

3 

'CJAX - 

' 24-+ ^4 UJ (x~ 

-> + 

" 24 w< C^~ 3 

s4 

4- O 

.* 4-C 2 


-o3: 

o ■ 

-04-0 -0 4- 

O 4- 

= o 

« 

• 

* C 2=° 


3 4* i , 

[x - 4 -CJ.J 7 = 0 ]: £uj<x(4C) - 5^w( 44 + ^U)(3uxf - ^U>(<*y + a O 

_ S3 

c, = - -ZUHK 

((C) £$UArT\Or4 OF £i_aST\C. CufWfc . 

V= #f[i a * 3 “ f ft 3 *] ^ 

(V) ’P&FL.&OYt o >4 KT C. ('y at % - 2.cC) 

7c = + rd^ 4 - o 

4. 

?3 to (*. 

“ " 14 61 


- tw] 

Z3 uift 4 

Y* “ 2A EX ▼ *+ 


Proprietary Material. © 2009 The McGraw-Hill Companies, lac. All rights reserved. No part of this Manual may be displayed, reproduced, or 
distributed in any form or by any means, without the prior written permission of the publisher, or used beyond the limited distribution to teachers 
and educators permitted by McGraw-Hill for their individual course preparation. A student using this manual is using it without permission. 


www.elsolucionario.net 





m 


Problem 9.45 


9.45 For the timber beam and loading shown, determine (a) the slope at end 4, (h) 
the deflection at the midpoint C. Use E~ 12 GPa. 
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Problem 9.46 


9.46 For the beam and loading shown, determine (a) the slope at end 
A , (b) the deflection at point B. Use E = 200 GPa. 
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Problem 9.47 


9.47 For the beam and loading shown, determine (a) the slope at end A, (b) the 
deflection at the midpoint C. Use E = 200 GPa. 
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Problem 9.48 


9.48 For the beam and loading shown, determine (a) the slope at end A, ( b ) the 
deflection at the midpoint C. Use E = 200 GPa. 
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Problem 9.49 


9.49 and 9.50 For the beam and loading shown, determine ( a ) the reaction at the 
roller support, ( h ) the deflection at point C. 
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Problem 9.50 
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9.49 and 9.50 For the beam and loading shown, determine (a) the reaction at the 
roller support, ( b ) the deflection at point C. 


FW 

i > 

M - Fa 


% ^ < Lj 

M - Fa#' - H 0 

TV- - M 

a n,<>-£>" 



+- c, 


eiy 2 is,* 1 - 

+ c,^ + c. 


[** ^ = 


0-0 + 0 4 C i =c3 

iR.L 2 - - M.C^t 4- C, *o 


a z --o 


\jlC~ L 


(i.) 1^*4 of A. 


C,,- i(M„i-R.L l ) 

ie.L 1 - ±(n.L-R^)l -40=0 


i P A L 3 + § M 0 F - o 


m a = o, r a = 


q H 0 
3 L 


EX J 


4<32*)*’ 


d, = 


feftjvhc ,y " g=f£"{ s*- 3 - 3 L < y -'l> 1 -74 L 1 *^ 

(V) PfTJ 1 ^ t'otA Ct^ pOlV4 C . (^ cjf >£. = ^ ) 

y*-~ ext 0 ~6t L X*)} 

V- ’ Fs^x - 


Proprietary Material. © 2009 The McGraw-iiill Companies, Ine. Aii rights reserved. No part of this Manual may be displayed, reproduced, or 
distributed in any form or by any means, without the prior written permission of the publ isher, or used beyond the limited distribution to teachers 
and educators permitted by McGraw-Hill for their individual course preparation. A student using this manual is using it without permission. 


www.elsolucionario.net 




Problem 9.51 


9.51 and 9.52 For the beam and loading shown, determine (a) the reaction at the 
roller support, (b) die deflection at point B. 
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Problem 9.52 
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9.51 and 9.52 For the beam and loading shown, determine (a) the reaction at the 
roller support, (/>) the deflection at point B. 
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Problem 9.53 
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9.53 For the beam and loading shown, determine (a) the reaction at point C, (b) the 
deflection at point B. Use E - 200 GPa. 
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Problem 9.54 


9.54 For the beam and loading shown, determine (a) the reaction at point A, (b) the 
deflection at point B. Use E ~ 200 GPa. 
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Problem 9.56 


9.55 and 9.56 For the- beam and loading shown, determine (a) the 
reaction at point A, ( b ) the deflection at point C. Use E ~ 200 GPa. 
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Problem 9.57 


9.57 and 9.58 For the beam and loading shown, determine (a) the reaction at point 
A, (b ) the deflection at midpoint C. 
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Problem 9.58 


l 


9.57 and 9.58 For the beam and loading shown, determine (a) the reaction at point 
A, (b) the deflection at midpoint C. 
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Problem 9.59 
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9.59 through 9.62 For the beam and loading indicated, determine the magnitude and 
location of the largest downward deflection. 

9.59 Beam and loading of Prob. 9.45. 
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Problem 9.60 
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9.59 through 9.62 For the beam anil loading indicated, determine (lie 
magnitude and location of the largest downward deflection. 

9.60 Beam and loading of Prob. 9.46. 
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Problem 9.61 


9.59 through 9.62 For the beam and loading indicated, determine the magnitude arid 
location of the largest downward deflection. 

9.61 Beam and loading of Prob. 9.47. 
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48 liN/m 


Problem 9.62 

/m 18 kN 


9.59 through 9.62 For the beam and loading indicated, determine the magnitude and 
location of the largest downward deflection. 

9.62 Beam and loading of Prob. 9.48. 
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Problem 9.63 


9,63 The rigid bar BDE is welded at point B to the rolled-steel beam AC. For the 
loading shown, determine («) the slope at point A, (h) the deflection at point B. Use E 
- 200 GPa. 
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Problem 9.65 


9.65 through 9.68 For the beam and loading shown, determine (a) the deflection at 
C, (h) the slope at end A. 
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Problem 9.66 


For the beam and loading shown, determine (a) the deflection at 
the C, ( b ) the slope at end A. 
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Problem 9.68 


9.65 through 9.68 For the beam and loading shown, determine (a) the deflection at 
C, ( b ) the slope at end A. 
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Problem 9.69 


9.69 and 9.70 For the cantilever beam and loading shown, determine the slope and 
deflection at the free end. 
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Problem 9.70 

r 

B 



9.69 and 9.70 For the cantilever beam and loading shown, determine the slope and 
deflection at the free end. 
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Problem 9.71 


9.7! and 9.72 For the cantilever beam and loading shown, determine the slope and 
deflection at point B. 
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Problem 9.72 


9.71 and 9.72 For the cantilever beam and loading shown, determine the slope and 
deflection at point B. 
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Problem 9.73 


9.73 For the cantilever beam and loading shown, determine the slope and deflection 
at end C. Use E = 200 GPa. 
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Problem 9.74 


9.74 For the cantilever beam and loading shown, determine the slope and deflection 
at point B. Use E ~ 200 GPa. 
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Problem 9.75 


9.75 For the cantilever beam and loading shown, determine the slope 
and deflection at end C. Use E = 200 GPa. 
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Problem 9.76 


9.76 For the cantilever beam and loading shown, determine tiie slope 
and deflection at point B. Use E — 200 GPa. 
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Problem 9.77 


9.77 and 9.78 For the beam and loading shown, determine (a) the slope at end A, ( b ) 
the deflection at point C. Use E — 200 GPa. 
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Problem 9.78 


9.77 and 9.78 For the beam and loading shown, determine (a) the slope at end A, ( b ) 
(he deflection at point C. Use E = 200 OPa. 
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Problem 9.79 



9.79 and 9.80 For the uniform beam shown, determine (a) the reaction at A, (b) the 
reaction at B. 
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Prolem 9.80 


9.79 and 9.80 For the uniform beam shown, determine (a) the reaction at A, (b) the 
reaction at B. 
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Problem 9.81 


9.81 and 9.82 For the uniform beam shown, determine the reaction at each of the 
three supports. 
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Problem 9.82 


9,81 and 9.82 For the uniform beam shown, determine the reaction at each of the 
three supports. 
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Problem 9.83 

Mo 




- I./2 . -I-. U2 - 


9.83 and 9.84 For the beam shown, determine the reaction at B. 
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Problem 9.85 


10 min 



9.85 Beam DE rests on the cantilever beam AC as shown, Knowing that a square rod 
of side 10 mm is used for each beam, determine the deflection at end C if the 25-N-m 
couple is appl ied (a) to end E of beam DE, ( b ) to end C of beam AC. Use E - 200 
GPa. 
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Problem 9.86 



lj| 18 mm 

” T 


9.86 Beam BD rests on the cantilever beam AE, as shown. Knowing that 
a square rod of side 18 mm is used for each beam, determine for the loading 
shown (a) the deflection at point C, ( b ) the deflection at point E. Use 
E = 200 GPa. 
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Problem 9.88 


9.88 A central beam BD is joined at hinges to two cantilever beams AB and DE. AH 
beams have the cross section shown. For the loading shown, determine the largest w 
so that the deflection at C does not exceed 3 mm. Use E - 200 GPa. 
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Problem 9.89 


9.89 Before the uniformly distributed toad w is applied, a gap, 8 0 ~ 1.2 mm, exists 
between the ends of the cantilever bars Alt and CD. Knowing that E - 105 GPa and w 
— 30 kN/m, determine (a) the reaction at A, (b) the reaction at D. 





C M3 


-400 mm 


I ~ fc(5o)(Sof ~ 

EX ~(ids *lO'*)(£7Q,$ZZ-*lo c ) - &y.t£7s *lo* 

= SH.6&7S Uk>.^ 


Ui-i ijs 1 n K NC Le-vn^-fKs m 

Co^yiiiht Mefjc.cila ^ <tf H> o/ue *K> ia-'. Ca.se % e>F A73. 

, X k/L ¥ (3o')(o.4<x>V f . 

C/B>,--g— l.7Si««IO -I.7S5S — 

T"ke. c.e ^ e-4 f<s tvtoM. S Dj +Le. 

LeX P be. -{4 e S. orrj~a, e-p •fCy'-ce. be-j-u/e.^^ po i'h.'K 3 ‘sc*w e. 

Co**-p J-fe e^e4/ee.fcsf 6 ,s/ote 4o 'Tp. £Js<? C*».se l 

f— -<?4 X3- 

_4 P <>V* ’ 3,0 - a<,JW0 " p " 

£) Cc’W'p u-j-e depyfedt l 0»4 d C. J -X P. 

--£ V --S~F~ - - ^ L i < ?.: 7S '? .. * ~<H£7’b2,*lo C P 

C U 0.25-4 7& 3 ex (3)(54. 4g? r") 


a.e.e wa g.^11 Coix<d< 4 ion. yg +• Sg, - y<-_ 

L>s<*3 Cy&)i + (yeV - - y c 

- 1.75543 x/o" 3 + 3 ^0,O^S>(d C V + - - ^S.ZiZ « lO~° v 


7257 3 53 * lo* P *=■ < 7 . 553-43 x/'o - 


(oFi Pes<ei)6>v> f-f A , 
1 aw 


.1.7773 ^ 


(b) Pebr.ci/OM aj T) . 

1.(4443 

-n 

c- 3a‘*Mp 
Rp 


4-^(7 rot 


r .O * 


4T XF^O 


OZML-o r 


p- U4HH3 kM. 

17.4- 1.(4443 =es 

R a - 10.86 M f 

Ha ‘-(0.062.) +(0*4)6./‘f4‘f3) = o 

M ft = f.=m .lAbiO -* 

R p - I, (4443 " o 

R D ^/./47kUt -« 

Mp + (^.25)6.14472?) - 6> 

Hp- 0.286 kU-wQ 


www.elsolucionario.net 




Problem 9.90 


30 kN/m 



9.90 Before the 30 kN/m load is applied, a gap, 8 0 = 20 mm, exists be¬ 
tween the W410 X 60 beam and the support at C. Knowing that E = 200 GPa, 
determine the reaction at each support after the uniformly distributed load is 
applied. 
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Problem 9.91 


9.91 For the loading shown, and knowing that beams AB and DE have 
the same flexural rigidity, determine the reaction (a) at It, ( b ) at E. 
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Problem 9.92 


9.92 The cantilever beam BC is attached to the steel cable AB as shown. Knowing 
that the cable is initially taut, determine the tension in the cable caused by the 
distributed load shown. Use E - 200 GPa. 
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Problem 9.94 


9.94 A 16-inm-diameter rod has been bent into the shape shown. Determine the 
deflection of end C after the 200-N force is applied. Use E = 200 GPa and G = 80 
CiPa. 
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Problem 9.97 


9.95 through 9.98 For the uniform cantilever beam and loading shown, determine 
(a) the slope at the free end, ( h ) the deflection at the free end. 


1C 




PJtaee "8. B e ~ O 


Da 


£*.v O 


J± 


EX C'jr-i/C *-5 paw*, 

A » - 


j_ t 

6 EX 


L - H -- |L 


|3y -F>rs'f 




o i 


✓'etc tAeor'e**^ . 


0. 


*/A ' 


A - - i 


yiV 
6 f J 


9g - © A 4 

- © e - © e/A - O + i r 


j. w/X- 3 
& EX’ 


% 5ect>f'd -Q/-e<t 4'liCov'?v*\. . 

- X A = if L )(~i*f) r 

t 


t 


A/8 




M/s 


i 

¥ EX 


iwi ' 1 
8 FT 


(hi 


a 


> 


- wL 11 

S£T 


Proprietary Material. © 2009 The McGraw-Hill Companies, Inc. AH rights reserved. No part of this Manual may be displayed, reproduced, or 
distributed in any form or by any means, without the prior written permission of the publisher, or used beyond the limited distribution to teachers 
and educators permitted by McGraw-Hill for their individual course preparation. A student using this manual is using it without permission. 


www.elsolucionario.net 



Problem 9.98 


9.95 through 9.98 For the uniform cantilever beam and loading shown, determine 
(a) the slope at the free end, (b) the deflection at the free end. 
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Problem 9.99 


9.99 and 9.100 For the uniform cantilever beam and loading shown, determine (a) 
the slope and deflection at (a) point 11, ( b ) point C. 
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Problem 9.100 



9.99 and 9.100 For the uniform cantilever beam and loading shown, determine (a) 
the slope and deflection at («) point B, (b) point C. 
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Problem 9.101 


9.101 For the cantilever beam and loading shown, determine (a) the 
slope at point B, ( b ) the deflection at point B. Use E — 200 GPa. 
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Problem 9.103 


2,5 kN 2.5 kN 


9.103 For the cantilever beam and loading shown, determine the slope 
and deflection at (a) end A. (b) point B. Use E — 200 GPa. 
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Problem 9.104 


9.104 For the cantilever beam and loading shown, determine (a) the slope at point A, 
(h) the deflection at point A. Use E = 200 GPa. 


I © 1 M/ex 


26 kN/nt 


I 18 !<N 

-k-2.2 m- 1 


. qC 6.1 —Ho.7333 ’ 


W250 X 28.4 



Is * P’oV'tPS iiA kMj i 1 k S i w W\ „ 

E - 200 X /o'* fh l 

I - HO.Ok/O 4, ^ = 40.0*/0' C 
£1 -(20o * j fo e ')(4G.owo' < 5 - g.oo*(o^ N-wk 
- 8ooo /fW-m 1 


M /£I eit tc* w\ loy , 


M, _ / I &X2-2 ) 

El ^ooo 


"/o' 3 w,'' 


A, - *lo')(?.2 v S.WSxh 


H.S46 
OX/S" W- 


*, r *(?.*)=■ O. 7 3331 




M. 846 Wo' *i 


fef. t-etn. 



(a) Slope od A* 


A z - £(-\L'2HC*ld')(Z7) - - 10.662 xto~ 
X 2 - tf (z.l) - 0.675" w 
r rTe^- c»vc S <cf C, 

=■ + ©cM r A + Ai = O 

~ “*A,“ A a - - s.wS'tio *+* io_c 62 */o ' 3 

- Z2. * /O" 3 V'*'^ 

(5a - S.2Z*lo~* -sdC -~ 


Ja - 5fc “ 4 **/<• 

- o - o + A, x, + A, 

, 0-0 + (SIWS * IO"’"’ )(|.96C7) - (IO.C62 WO' 1 )(j?. 0*0 

“ **/£>,£ “Si « lo " 2 hn 

CM DeVieM t <?*\ <*f A . \ 


* "l* 


Proprietary Material. © 2009 The McGraw-HUI Companies, Inc. All rights reserved. No part of this Manual may be displayed, reproduced, or 
distributed in any form or by any means, without the prior written permission of the publisher, or used beyond the limited distribution to teachers 
and educators permitted by McGraw-Hill for their individual course preparation. A student using this manual is using it without permission. 


www.elsolucionario.net 






Problem 9.105 


9.105 For the cantilever beam and loading shown, determine the deflection and slope 
at endvf caused by the moment Mo- 
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Problem 9.106 


9.106 For the cantilever beam and loading shown, determine («) the slope at point 
C, (b) the deflection at point C. 
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Problem 9.107 
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9.107 Two cover plates are welded to the rolled-steel beam as shown. Using E~ 200 
GPa, determine the (a) slope at end A, ( b ) the deflection at end A. 
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Problem 9.109 


9.109 through 9.114 For the prismatic beam and loading shown, determine (a) the 
slope at end A, (b) the deflection at the center C of the beam. 
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Problem 9.110 


9.109 through 9.114 For the prismatic beam and loading shown, determine (a) the 
slope at end A, ( b ) the deflection at the center C of the beam. 



Sj «, basLw\ ftwrl wj- 

PJ/*.ee v'ePe/'e<nc.e ( 2 . 

Oc. = O ^y c * “ tfi/c 

Pe^LC-f iot/i5 Pa t fig - ^ P 

Be-oi e>4 a+ C- P1 c ~ ^’Pi¬ 

ts. - x/J-EL \(i\ _ jlpl! 

llur/ V P ' \G £T 


(cl) S pope. <aJ~ A ♦ 0^ - - OcJA 


A - O - 

- ° i6 Er 


j_£L" 
16 ET 


Os') DeP^ed io^ <l4 C , 

Yc. - - £/»/c T ■ A( 5 s ) = 

sy , JL-££ 

jt 4« Er 


Proprietary Material. © 2009 The McGraw-Hill Companies, Inc. All rights reserved. No part of this Manual may be displayed, reproduced, or 
distributed in any form or by any means, without the prior written permission of the publisher, or used beyond the limited distribution to teachers 
and educators permitted by McGraw-Hill for their individual course preparation. A student using this manual is using it without permission. 


www.elsolucionario.net 





Problem 9.111 9,109 through 9,114 For the prismatic beam and loading shown, determine (a) the 

slope at end A, (b) the deflection at the center C of the beam. 
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Problem 9.112 


9.109 through 9.114 For the prismatic beam and loading shown, determine (a) the 
slope at end A, {b) the deflection at the center C of the beam. 
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Problem 9.114 
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9.109 through 9.114 For the prismatic beam and loading shown, determine (a) the 
slope at end A, ( b ) the deflection at the center C of the beam. 
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Problem 9.115 


9.115 and 9.116 For the beam and loading shown, determine (a) the slope at end 
A. (b) the deflection at the center C of the beam. 
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Problem 9.116 


9.1 IS and 9.116 For the beam and loading shown, determine (a) the slope at end 
A, (b) the deflection at the center C of the beam. 
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Problem 9.117 9.117 Knowing thru the magnitude of the load P is 30 kN, determine 

(a) the slope at end A, ( b) the deflection at end A, (c) the deflection at mid¬ 
point C of the beam. Use E ~ 200 GPa. 
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Problem 9.119 


9. U8 and 9.119 For the beam and loading shown, determine (a) the slope at end A, 
( b ) the deflection at the midpoint of the beam. Use E = 200 GPa. 
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Problem 9.120 
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9.120 For the beam and loading shown, determine (a) the load P for 
Which the deflection is zero at the midpoint C of the beam, (/>) the correspon¬ 
ding deflection at end A. Use E ~ 200 GPa. 
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Problem 9.122 


9.122 For the beam and loading shown, determine the value of tv for which the 
deflection is zero at the midpoint C of the beam. Use E ~ 200 GPa. 
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Problem 9.123 


‘9.123 A uniform rod AE is to be supported at two points B and D. Determine the 
distance a for which the slope at ends A and E is zero 
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Problem 9.124 


*9.124 A uniform rod AE is to be supported at two points B and I). Determine the 
distance a from the ends of the rod to the points of support, if the downward 
deflections of points A, C, and £ are to be equal. 
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Problem 9.126 


9.125 through 9.128 For the prismatic beam and loading shown, determine (a) the 
deflection at point D, ( b ) the slope at end A. 
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Problem 9.127 


9.125 through 9.128 For the prismatic beam and loading shown, determine (a) the 
deflection at point D, ( b ) the slope at end A. 
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Problem 9.128 


9.125 through 9.128 For the prismatic beam and loading shown, determine (a) the 
deflection at point D, ( b ) the slope at end A. 
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Problem 9.130 


9.130 For the beam and loading shown, determine (e) the slope at point 
A, (b) the deflection at point E. Use E = 200 GPa. 
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Problem 9.131 


9.131 For the beam and loading shown, determine (a) the slope at end A, (A) the 
deflection at point D. Use E = 200 GPa. 
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Problem 9.132 


9.132 For the beam and loading shown, determine (a) the slope at point A, (b) the 
deflection at point A. 
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Problem 9.133 


9.133 For the beam and loading shown, determine (tj) the slope at point C, (b) the 
deflection at point C. 
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Problem 9.134 
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9.134 Knowing that the beam AB is made of a solid steel rod of diameter 
d — 18 mm, determine for the loading shown (a) the slope at point D, (b) the 
deflection at point A. Use E — 200 GPa. 
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Problem 9.135 


9.135 Knowing that the beam AD is made of a solid steel bar, determine the (a) 
slope at point B, (b) the deflection at point A. Use E- 200 GPa. 
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Problem 9.136 


9.136 For the beam and loading shown, determine (a) the slope at point C, (f>) the 
deflection at point D. Use E - 200 GPa. 
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Problem 9.137 


9.137 For the beam and loading shown, determine (a) the slope at point B, ( b ) the 
deflection at point D. Use E - 200 GPa. 


W~~ “’MS 1 .~Jgr 3 

N ^ 

-—.4.8 rn-- 

jfc 

*nfc ( 


W4I0 x 114 






46o. 8 



UmiH ' in kfJj Pe.<4^il\s in 

X = =■ H£2.*IO^ ^ 

El * ( 

- M.qxlo c N-m 1 * ^oo kW-wX 

OlM a *o; -<f.S)? A+ (foXv.sXM) -06oXu) -o 

R a * 36 kfj 

W\e>w\€-vt~ (ay pern-ps . 

A,” i( h.s)(i? 2 .a) - him. 72 . k^-tX 1 

A 2. - i(^.8)(-H£o.&) •= - 737.73 kU-*^ v 

As * -jj (l$)(-ZS2>) = - 7£"7. 7. kW-wA 

Pj?tu:e refe^e^te oH B , 

)/ A - - L & & + t A / Q 

©« = Wcr-i-i A.(!)(4.8 )f A.^Yh.s)!: 


^ ' Fiii 

zimdsi - _, 9 « S5 *. 

c<72.40 81 ~ /o 


e a ^ ?.hi».|oV^ ^i 


(Id) De~riec-4 i^»o e^t £> » y^- 4 a© ft + t^g 

~ 0 *.(/.«)(- z.^mx^td *) 

-iri 

_ SM.oH 

_ /»* 1 XJ ^1 »- ^ . +** 9 


- -S.z% to xiu 


= - 8.7S V /O' h. 


7X7oo 


= S. 7 S L 


Proprietary Material. © 2009 The McGraw-Hill Companies, Inc. Aft rights reserved. No part of this Manual may be displayed, reproduced, or 
distributed in any form or by any means, without the prior written permission of the publisher, or used beyond the limited distribution to teachers 
and educators permitted by McGraw-Hill for their individual course preparation. A student using this manual is using it without permission. 


www.elsolucionario.net 




Problem 9.138 


9.138 For the beam and loading shown, determine (a) the slope at end A, (b) the 
slope at end B, (e) the deflection at the midpoint C. 
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Problem 9.139 


9.139 For the beam and loading shown, determine the deflection (a) at point D, ( b) at 
point E. 
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Problem 9.140 
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9.140 through 9.14.1 For the beam and loading shown, determine the magnitude and 
location of the largest dcnvnward deflection. 

9.140 Beam and loading of Prob. 9.126 
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Problem 9.141 



9.140 through 9.143 For the beam and loading shown, determine the magnitude and 
location of the largest downward deflection, 

9.14] Beam and loading of Prob. 9.128 
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Problem 9.142 

J -'fOkN 120 kN 


9.140 through 9.143 For the beam and loading shown, determine the magnitude and 
location of the largest downward deflection. 

9.142 Beam and loading of Prob. 9.129 
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Problem 9.143 
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9.140 through 9.143 For the beam and loading shown, determine the 
magnitude and location of the largest downward deflection. 

9.143 Beam and loading of Prob. 9.130. 
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Problem 9.144 


9.144 For the beam and loading of Prob. 9.134, determine the largest 
upward deflection in span DE. 
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Problem 9.145 


9.145 For the beam and loading of Prob. 9.137, determine the largest upward 
deflection in span AB. 


40 kN/m 


~~"TT 

.. 

_.jr jr 

a 

--4.8 in-- 



W4U) X 114 


Pni4s 1 Fovc.es iv\ kvJ. Le«a 1** 

X * 4 42- * IO C Y**** — Lf I 0 C yu,* 

El - (^OOy|D‘ ? )C44?.>/o"' ; ') 

M.m- * <73.4oo UfJ-A, 



■OMa -o : -4.8 F‘ A +'(4oX‘<.sX2. v f)“(/4^Kl.8') = Cj 

R a - 3 C kU 

A, = ^(34y ) . Ig*' 

k x ~- ^76 (- 20/4 *- 
Pi^ace Yn»-J ere'c e 4 t J; A. 

y s * ^/a + LB* + t s / A - 0 

0. - - 

A l 

(A,V'( ,8 ^- s ^* 414.72. kW-^ 
(A^ b - (^X'/.S) 3 - ~ 737.28 


EXL C «'* 
- 021 . I8*f 


(A 1 Ui)(*.sV(A 2 yi)b.i9^ 


= OM^nnoxio 


,OCje4 c ^o/»4 14 <gf M Ccy;l m e PAX * o»4- . 0^ - 4- Ok// “ O 

Ere* 4 - a, + A 4 =■ o 


4 - 4&-Q8 + 13^ ~ 2£>X k 3 = o 3£*K~^><*r 

S <Joe \py ,4^*i 4«. J^ K 3 3.37 3.327 3.3 ZSi 3.325'/7 **- 

-y /y \ £ JF/A*. -72 —107.* -10/.6 -IO/.42 

~ '** )p“otp/^tx f 2S.08j-G.78 -0.192 O.OOS 

F 5 Pajre r«4evev re «4 K. - y K + £//k 

>'-±,/k =■ -eH < ' A '^*‘ < ' ,+ A*(3*«>]---£c£ laA.'-.s'x/ 

JJs - l.fiff/x/o' m V. - /.8¥/—v 




— 3£ Xv —22.^7 X»< 


3 

3.37 

3.327 

3.3Z51 

-12 

~/c>7. 2 

-io/.e 

-lot.M2 

2S.08 

-G.7 3 

- OJ88 

0.00.5 


www.elsolucionario.net 






Problem 9.146 


9.146 through 1.149 For the beam and loading shown, determine the reaction at the 
roller support. 
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Problem 9.147 


9.146 through 1.149 For the beam and loading shown, determine the reaction at the 
roller support. 
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Problem 9.148 


9.146 through J. 149 For the beam and loading shown, determine the reaction at the 
roller support. 



M/£X 



H/£X 


R a L/fr 




e-f. -fa*. 


Re*i£n/C St>f>pe/4 13 OimA 4'*'P«i* AS ftf 'lO v\dAV'.’t'. 

Replace ^PoA^iiKi^ lay eyui sko<~^ oi -$?44 % 

Dra Kyi M/£I J a , 'W f?Q. 

U«,<2 pa<r-i$ AS sliatoH. 


A, - Ktr)^- i 

M z = - ^ w„ L l 

A = : 

3 t. ^ £j- } 


£&£ 

El 


, . v.L * 


ET 


M . • -i.'±4s- L 3 

' '* 6 i. L 


w e A ! 


A _ J_ /Jl t _ _L K/ 0 U 

£3 ' Hit, Pr ) L • w 


fj * " * ** Ejr 

Piac? y^-Tere^r? 4<s *<=j «*4 A. 

' ASO*A^t)* A 3 (10 
„ A at ! - 4. so.’ 4 x an? _ . 

3 n 2 EX Q * 0 

aZ7S «J,L t 


R e - £*„M 


Proprietary Material. © 2009 The McGraw-Hill Companies, Ine. Ali rights reserved. No part of this Manual may be displayed, reproduced, or 
distributed in any form or by any means, without the prior written permission of the publisher, or used beyond the limited distribution to teachers 
and educators permitted by McGraw-Hiti for their individual course preparation. A student using this manual is using it without permission. 


www.elsolucionario.net 




Problem 9.149 


9.146 through 1.149 For the beam and loading shown, determine the reaction at the 
roller support. 
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Problem 9.150 


9.1 SO and 9.151 For the beam and loading shown, determine the reaction at each 
support. 
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Problem 9.151 


9. ISO and 9.151 For the beam and loading shown, determine the reaction at each 
support. 
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Problem 9.152 





9.152 A hydraulic jack can be used to raise point B of the cantilever beam ABC. The 
beam was originally straight, horizontal, and unloaded, A 20-kN load was then 
applied at point C, causing (his point to move down. Determine (a) how much point 
B should be raised to return point C to its original position, ( b ) the final value of the 
reaction at B. Use E = 200 GPa. 
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Problem 9.153 


9.152 and 9.153 Determine the reaction at the roller support and draw 
the bending-moment diagram for the beam and loading shown. 
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Problem 9.154 


9.154 For the beam and loading shown, determine the spring constant k for which 
the force in the spring is equal to one-third of the total load on the beam. 
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Problem 9.155 


9.155 For the beam and loading shown, determine the spring constant k for which 
the bending moment at fi is M„ - -wZ, 2 /10. 
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Problem 9.156 


9.156 For the loading shown, determine (a) the equation of the elastic 
curve for the cantilever beam ,4/1. (b) the deflection at the free end, (c) the 
slope at the free end. 
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Problem 9.159 


9.159 Determine the reaction at A and draw the bending moment dia¬ 
gram for the beam and loading shown. 
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Problem 9.160 


I' = 4 kN 


.... - 5 kN/.n 60 ,n p 


9.160 For the timber beam and loading shown, determine (o) the slope 
at end A, ( b ) the deflection at the midpoint C. Use E = 12 GPa. 
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Problem 9.161 


30 kN/rn 




n—2,4 m -——+■]'« -*-| 

1.2 rvi J .2 m 

SokW/iv, £"okw 


9.161 The rigid bar DEF is welded at point D to the rolled-steel beam AH. For the 
loading shown, determine (a) the slope at point A, (b) the deflection at midpoint Cof 
the beam. Use E ~ 200 GPa. 
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Problem 9.162 


W250 x 49.1 


0.6 m-K 1.2 m ' 1.2 m 1 l o.fi m 


9.162 Beam CE rests on beam AB, as shown. Knowing that a W250 X 
49.1 rolled-steel shape is used for each beam, determine for the loading shown 
the deflection at point D. Use E — 200 GPa. 
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Problem 9.163 


9.163 For the loading shown, knowing that beams AC and BD have the 
same flexural rigidity, determine the reaction at B. 
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Problem 9.164 


5 kN 5kN 




9.164 Two C150 X 12.2 channels are welded back to back and loaded 
as shown. Knowing that E - 200 GPa, determine ( a ) the slope at point IK (b) 
the deflection at point D. 
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Problem 9.166 


9.166 For the beam and loading shown, determine the magnitude and location of the 
largest downward deflection. 
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Problem 9.167 


9.167 Determine the reaction at the roller support and draw the bending- 
moment diagram for the beam and loading shown. 
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PROBLEM 9.C1 



9.0 Several concentrate loads can be applied to the cantilever beam All. 
Write a computer program to calculate the slope and deflection of beam All from 
x - 0 to x - L, using given increments A*. Apply this program with increments 
Ax “ 50 mm to the beam and loading of Probs. 9.73 and Prob. 9.74. 


SOLUTION 

FOR EACH L0Ap ) BVTEfi 

P. c • 

r < > c t 

COMPUTE REACTION AT A 

FOR l - I TO NUMBER 10 A Of 

-M a - P ( c { 

COMPUTE SIOPB A NO DEFLECTION 
USB METHOD OF iUTEORAT\<ftJ 
STARTING WITH T* 0 AND UPDATING 
THROUGH INCRE MEH7S > SUPERPOSE: 
(t)DUe TO REACTION AT A; 

Q = (l/El)(R^7?.0 + M*x) 

y » fi/EJ)f^A^V 6 -° +^ x / 2 - 0 ) 
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r-rf s0 

rW £ const/) mi of 
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CONTINUED 


www.elsolucionario.net 




PROBLEM 9.C1 CONTINUED 

PROGRAM OUTPUT 


Problem 9,73 and 9.74 


At A: 

Force - 6.0 kN 

Couple = -6 

X 

Slope 

Deflection 

m 

radians 

m 

.00 

.000000 

.000000 

.05 

-.000578 

-.000015 

.10 

-.001126 

-.000057 

.15 

-.001645 

-.000127 

.20 

-.002134 

-.000221 

.25 

-.002594 

-.000340 

.30 

-.003024 

-.000480 

.35 

-.003424 

-.000642 

.40 

-.003794 

-.000822 

.45 

-.004135 

-.001021 

.50 

-.004447 

-.001235 

.55 

-.004728 

-.001465 

.60 

-.004980 

-.001708 

.65 

-.005203 

-.001962 

.70 

-.005395 

-.002227 

.75 

-.005558 

-.002501 -4 

.80 

-.005699 

-.002783 

.85 

-.005825 

-.003071 

.90 
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-.003365 

.95 

-.006033 

-.003664 

1.00 

-.006114 
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1.05 
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1.25 

-.006299 
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PROBLEM 9.C2 


SO kN/m 



-6 m 


U I 

4-<X-J 




(x- o,) 


9.C2 The 6-m beam AB consists of a W530 X 92 rolled-steel shape and 
supports a 50-kN/m distributed load as shown. Write a computer program and 
use it to calculate for values of a from 0 to 6 m, using 0.3-m increments, (a) 
the slope and deflection at D, ( b ) the location and magnitude of the maximum 
deflection. Use E — 200 GPa. 


SOLUTION 
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XC >*„ < «, , them 

>»» = O/Elfrf 1 

IP 7*.** >*. THF/U 

BBGIN W/t H % c (K 

-IN'*-) +0 

INCREASE EV SMALL AMOUNT 
UNTIL. 0 /S APPROX'lMATFLr O 

= 0/w)<T V’-rA-A+c,*) 

CONTINUED 
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PROBLEM 9.C2 CONTINUED 
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PROBLEM 9.C3 



A T X- 0^ <j. ~ z 5 

TWe covsTburs of 


INTE&RAT^Ob/ A*£ 
X fRo 


9.C3 The cantilever beam AB caries the distributed loads shown. Write a 
computer program to calculate the slope and deflection of beam /(B from x ~ 0 to 
x ~ L using given increments Ax. Apply this program with increments Ax = 100 
mm, assuming that L - 2.4 m, w = 36 kN/m, and (n) a = 0.6 m, ( b ) a ~ 1.2 m, (c) 
a~ 1.8m. Use E - 200 OPa. 

SOLUTION 

EWT E R A } L 
COMPUTE REACTION AT A 
}\ - (M- L - 2.-0 w Ok 

-L uj o Z 

C O M PUT E slope an<d oeflbct\qm 

U5P eqUftTlOt-l OF COAST 1C CURVE 

5T ARTlNO With X^O Ab/fo UPDATM'6 THPOU^li 

INCfiBMgNTS } SUPERPOSE; 
in VUE TO REACTIONS AT A 

Q~t \/61 U5" AT + M»x) 

y- = o/ri) ( j- v’ + i AO) 

(2) Due to Loao t 

w> 3 ) 

(3) DUB TO LOAD Zur 

IF X < 0L 
0 = n/BT) (~ Ur x 5 ) 

IF T > (K 

0- (i/El^(~ or -y 3 - ^ w (-y-d.) 3 ) 

UJ y 4 - “ W f^'^ 4 ) 


CONTINUED 
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PROBLEM 9.0 CONTINUED 


PRQGPItfA OUTPUT 


Problem 9.C3 (a) a = 0.6 m 


At A: Force = 43.2 kN Couple = -90.7 kN-m 


slope 

radians 


deflection 

m 


.00 

.000000 

.000000 

.10 

-.000905 

-.000046 

.20 

-.001762 

-.000179 

.30 

-.002567 

-.000396 

.40 

-.003318 

-.000691 

.50 

-.004009 

-.001058 

.60 

-.004638 

-.001491 

.70 

-.005202 

-.001983 

.80 

-.005703 

-.002529 

. 90 

-.006145 

-.003122 

1.00 

-.006533 

-.003756 

1.10 

-.006868 

-.004427 

1.20 

-.007156 

-.005128 

1.30 

-.007399 

-.005856 

1.40 

-.007602 

-.006607 

1.50 

-.007769 

-.007376 

1.60 

-.007902 

-.008160 

1.70 

-.008006 

-.008955 

1.80 

-.008083 

-.009760 

1.90 

-.008139 

-.010571 

2.00 

-.008177 

-.011387 

2.10 

-.008199 

-.012206 

2.20 

-.008211 

-.013027 

2.30 

-.008215 

-.013848 

2.40 

-.008216 

-.014669 

olem 9 

C3 {bj a = 1 

. 2 m 

A; Force = 0.0 kN 

Couple = -51.8 

X 

slope 

deflectior 

m 

radians 

m 

.00 

.000000 

.000000 

.10 

-.000529 

-.000026 

,20 

-.001055 

-.000106 

.30 

-.001574 

-.000237 

.40 

-.002081 

-.000420 

.50 

-.002574 

-.000653 

.60 

-.003048 

-.000934 

.70 

-.003500 

-.001262 

.80 

-.003926 

-.001633 

.90 

-.004323 

-.002046 

.00 

-.004687 

-.002497 

.10 

-.005014 

-.002982 

.20 

-.005301 

-.003498 

.30 

-.005544 

-.004041 

.40 

-.005747 

-.004606 

.50 

-.005913 

-.005189 

.60 

-.006047 

-.005787 

.70 

-.006150 

-.006398 

.80 

-.006228 

-.007017 

,90 

-.006284 

-.007642 

.00 

-.006321 

-.008273 

.10 

-.006344 

-.008906 

.20 

-.006356 

-.009541 

.30 

-.006360 

-.010177 

.40 

-.006361 

-.010813 


CONTINUED 
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PROBLEM 9.C3 PROGRAM OUTPUTS CONTINUED 


Problem 9.C3 (c) a ® 1.8 m 


At A: 

Force = -43.2 kN 

Couple “ 13.0 

X 

slope 

deflection 

m 

radians 

m 

.00 

.000000 

.000000 

.10 

.000111 

.000006 

.20 

.000182 

.000021 

.30 

.000215 

.000041 

.40 

.000216 

.000063 

.50 

.000187 

.000083 

.60 

.000133 

.000099 

.70 

.000056 

.000109 

.80 

-.000039 

.000110 

.90 

-.000149 

.000101 

1.00 

-.000270 

.000080 

1.10 

-.000398 

.000046 

1.20 

-.000530 

.000000 

1.30 

-.000662 

-.000060 

1.40 

-.000790 

-.000132 

1.50 

-.000911 

-.000217 

1.60 

-.001021 

-.000314 

1.70 

-.001116 

-.000421 

1.80 

-.001193 

-.000537 

1.90 

-.001248 

-.000659 

2.00 

-.001286 

-.000786 

2.10 

-.001309 

-.000916 

2.20 

-.001320 

-.001047 

2.30 

-.001325 

-.001179 

2.40 

-.001325 

-.001312 
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PROBLEM 9.C4 



For load 

. I*V 




f Ok K*a l 

El ^5= P a t 

Jit’ A 

BT p~ r iR X+C, 


EI ' 6 R *^ +C i* iCz 

FOR x ■> d i 

El = ft.** - PAx-ai) 

Jr h t 

Er & --T^-T ^-<0 

+ c 3 

+ c 3 y + c+ 

From Boundary conditions 

c z -c+ = o 

MO-IB: Rp. FOR iOAD P t - 


9.C4 The simple beam AB is of constant flexural rigidity EI and carries 
several concentrated loads as shown. Using the Method of Integration, write a 
computer program that can be used to calculate the slope and deflection at 
points along the beam from x - 0 to x ~ L using given increments Ax. Apply 
this program to the beam and loading of (a) Prob. 9.13 with Ax = 0.3 m, 
(b) Prob. 9.16 with Ax = 0.05 m, (c) Prob. 9.129 Ax = 0.25 m. 


SOLUTION 

FOR FACH L0AD } ENT E R P f > 

commit; reaction at A 

FOR C-l TO NUMBER LOADS: 

M a = M a + A- 

LOAb = tOA D +■ Pi 

THEM: 

Rg ~ 

load - R b 

COMPOTE SLOPE AMD DEFLECTION 

5TART/W6 WITH * “ O AMb UPDATING 
THROUGH INCREMENTS, SUPERPOSE: 
a) DUB TO REACTION At a 

© = (i/cry <T M’) 

Ra>’) 

(2) &UE TO LOf\ D s - CONSTANT PART 

COWS^ = - ±~ R ft L 2 


F or I ro number Loads 

CONST 2 a -i L P l - (L-Gi^ + Couslz 
rPEK) , TOTAL CONTRIBUTION FOR CONSTANT 
Com 5T = Const,-P const z ) 

(3) DUE TO LOADS — PEHAIMNA PART 
IF X < 

e = 0/fr)(T. 

^(VstKsLRoP-irfiri-*;^) 


CONTINUED 
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PROBLEM 9.C4 CONTINUED 


PROGRAM OUTPUT 


Problem 9.13 


Problem 9.16 


x 

f* 


theta 

rad*10**3 


y 

fa m. 


j 0 

- 7* 68 tf-S | 0 




■ ] 

; \ 

i | 



i /*£■ 

[ - | - •*— 


\ • 

i 


2-'* j-^.74-7 



! ! 


3 » 0 -?-Ob8 

j 




AS 

j 6*^77 0 



Problem 9.1v29 


X 

theta 

y 

m 

rad*10**3 

mirt 

.000 

-8.703 

.000 

.250 

-8.615 

-2.168 

.500 

-8.351 

-4.293 

.750 

-7.911 

-6.329 

1.000 

-7.296 

-8.234 

1.250 

-6.505 

-9.962 

1.500 

-5.538 

-11.472 

1.750 

-4.483 

-12.724 

2.000 

-3.428 

-13.713 

2.250 

-2.373 

-14.438 

2.500 

-1.319 

-14.900 

2.750 

-.264 

-15.098 

3.000 

.791 

-15.032 

3.250 

1.802 

-14.706 

3.500 

2.725 

-14.138 

3.750 

3.560 

-13.350 

4.000 

4.307 

-12.365 

4.250 

4.967 

-11.204 

4.500 

5.538 

-9.889 

4.750 

6.021 

-8.442 

5.000 

6.417 

-6.886 

5.250 

6.725 

-5.241 

5.500 

6.944 

-3.531 

5.750 

7.076 

-1.776 

6.000 

7.120 

.000 


4 (a) 


4 (t) 


X 

theta 

y 

m 

rad*10**3 

mm 

.000 

-2.490 

.000 

.050 

-2.485 

-.124 

.100 

-2.471 

-.248 

.150 

-2.448 

-.371 

.200 

-2.416 

-.493 

.250 

-2.375 

-.613 

.300 

-2.325 

-.730 

.350 

-2.265 

-.845 

.400 

-2.197 

-.957 

.450 

-2.119 

-1.065 

.500 

-2.032 

-1.168 

.550 

-1.936 

-1.268 

.600 

-1.831 

-1.362 

.650 

-1.716 

-1.451 

.700 

-1.593 

-1,533 

.750 

-1.460 

-1.610 

.800 

-1.318 

-1.679 

.850 

-1.172 

-1.741 

.900 

-1.025 

-1.796 

.950 

-.879 

-1.844 

1.000 

-.732 

-1.884 

1.050 

-.586 

-1.917 

1.100 

-.439 

-1.943 

1.150 

-.293 

-1.961 

1.200 

-.146 

-1.972 

1.250 

.000 

-1.976 

1.300 

.146 

-1.972 

1.350 

.293 

-1.961 

1.400 

.439 

-1.943 

1.450 

.586 

-1.917 

1.500 

.732 

-1.884 

1.550 

.879 

-1.844 

1.600 

1.025 

-1.796 

1.650 

1.172 

-1.741 

1.700 

1.318 

-1.679 

1.750 

1.4 60 

-1.610 

1.800 

1.593 

-1.533 

1.850 

1.716 

-1.451 

1.900 

1.831 

-1.362 

1.950 

1.936 

-1.268 

2.000 

2.032 

-1.168 

2.050 

2.119 

-1.065 

2.100 

2.197 

-.957 

2.150 

2.265 

-.845 

2.200 

2.325 

-.730 

2.250 

2.375 

-.613 

2.300 

2.416 

-.493 

2.350 

2.448 

-.371 

2.400 

2.471 

-.248 

2.450 

2.485 

-.124 

2.500 

2.490 

.000 
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PROBLEM 9.CS 





- L - 


9.C5 The supports of beam AB consist of a fixed support at end A and a roller 
support located at point D, Write a computer program that can be used to 
calculate the slope and deflection at the free end of the beam for values of a from 
0 to L using given increments Aa. Apply this program to calculate the slope and 
deflection at point B for each of the following cases: 

E A/- tv E Shape 


(a) 3.f> in 

(b) 3 m 


SOLUTION 


0.15 m 24 k/Nin 200 G Pa W410x65 

0.2m I8fcN/m 200 GPa W460x!13 


BEAM |6 iNOB'l F RMltT AT B 

U Sf= AP/W01X D • AW0 5Uf > f.R.P05(Ti0fv' 

p£TERMir)£ REACTION A T D 
01TO 0/S7K/6VTPO LOAD 

“ Vl 


DUE 70 RBbVNDf -|WT LOA 0: 
(a ) - 

3 el 


Opt ~ ®D 


$5 r io i ’( L ~ A ^0 


REbUNDAtJj REACTION; 

Sivcs (^ p ) w + (<j D 4 ”= O: 

ft - III ) 

CoMPUTE 5LQPE ANb DEFLECTION at S 
SUPEkPOSB ; 

DUE TO PIS ?{?/ 8 U7E 6 LO/\b : 

^6 ” Q El 

Sre “ aei 

due to R D : 

Q 5 -£^! 

B 2 El 

Pa 3 /, \ P** 

(4 -s 4. (L~A) - 

ft 3 £X 2 £J 


CONTINUED 
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PROBLEM 9.CS CONTINUED 


PROGRAM OUTPUT Problem 9.C5 (a) 


a theta B y at B 

fo rad*10 A -3 M 


0 

— 3 • o / c { 

-9‘t£ 

r— 




| 

0‘i> 

-Z‘bo7 

- 4 - 7 / 2 £ 

I 





\'Z 

- M lb 







hi 

- d* W3 

~0'<n ST 







~0-lb2 

-o* tlong 




— 




O' 






3-4 

Oti'j-j 

0 



Problem 9.C5 (b) 


a 

theta B 

y at 1 

m 

rad*10 A ~3 

mm 

.0 

-.728 

-1.6389 

.2 

-.624 

-1.3324 

.4 

-.529 

-1.0663 

.6 

-.442 

-.8374 

.8 

-.364 

-.6426 

1.0 

-.293 

-.4789 

1.2 

-.230 

-.3435 

1.4 

-.174 

-.2338 

1.6 

-.124 

-.1472 

1.8 

-.079 

-.0813 

2.0 

-.040 

-.0337 

2.2 

-.006 

-.0024 

2.4 

.023 

.0149 

2.6 

.049 

.0198 

2.8 

.072 

.0143 
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PROBLEM 9.C6 



9.C6 For the beam and loading shown, use the Moment-Area Method to write 
a computer to calculate the slope and deflection at points along the beam from x 
“ 0 to x = L using given increments Ax. Apply this program to calculate the slope 
and deflection at each concentrated load for the beam of (a) Prob. 9.77 with Ax — 
0.5 m, (h) Prob. 9.119 with Ax = 0.5 m. 

SOLUTION 

FOR E ACT LORP ENTER P. Atib 

DETERMINE REACTION AT ft 



DUE TO MOMENTS, AT EfJbS; 

PJ, = - f'V M e )/ i- 

VUE TO LOADS P L : 

FOR i ' / TO NUMBER Of LOADS 

ft 6 = «B + P L *i/ L 
LOAD = LOAD i R- 

lk A ) t - load - r b 

^ 

DETERMINE. slope at_a 

Use SeCoNb moment- aeea theorem 

TO 6ET Tangential beviATiQ/o AT B 



76 

m a' 


L 

X bif\ 

- M fi L Z /(TU ft) 

£K/F 

TO 

R a : 


^ B/A 

S /?* L 6 / ((,.0 El) 

QUE 

TO 

LG MAC Pi : 


TOP ( - I ro A WM&ER OF LOADS 

i m : - A A- 4 ;)Vo. 0 £r) 

SUM ( m : 

0 A - - 1 B/A / L 

DTlFkMlNF SLOPE ANQ De flection $ 

FOR K - 0 At) L 5 'uPeRPasE: 

Due to ; 

Oy - ©/, a/m*K + T fi T 2 /l.o)hT 

CONTINUED 
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PROBLEM 9.C6 CONTINUED 

<j * = x U* - n^/a-oEx) - vVw-a 

Z)f£ 7"£ LObH P‘ t ; 

00 FOR All LQAtJS WllH < 3 .; 

= Pi(x-*;)y^-*EO 
u r = P, Ox-« o 7(W Et) 

P£0 6k/|m Oi/tP^T 


Problem 9.77 

x theta y at x 

m rad*1000 mm 

.000 
.500 
1.000 

1.500 

2.000 

2.500 
3.000 

3.500 
4.000 

4.500 
5.000 


Problem 9.119 

x theta y at x 

m rad*1000 mm 

.000 -4.504505 .000000 

.500 -4.673423 2.317943 

1.000 -4.279279 4.579579 

1.500 -3.322072 6.503378 

2.000 -1.801802 7.807808 

2.500 .000000 8.258258 t») 

3.000 1.801802 7.807808 

3.500 3.322072 6.503378 

4.000 4.279279 4.579579 

4.500 4.673423 2.317943 

5.000 4.504505 .000000 
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-.600962 .000000 ^ (fc) 

-1.602564 .574252 

-2.043269 1.509081 

-1.,923077 2.524039 

-1.241987 3.338675 , . 

.000000 3.672543 (b ) 

1.241987 3.338676 

1.923077 2.524039 

2.043269 1.509082 

1.602564 .574253 

.600962 .000000 
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PROBLEM 9.C7 CONTINUED 


= Rx/l + p (y ~f >)/l 

i h/ 8 = rxKT(r-o)')/(**BT) 

-t at = ( R, L 3 /U.a - P(y <-/*■•)/ 61 

“ l ^ A /8 " ^ c /8 

IF ( L/z + D) < X i L 
Have both load* to r\&Ht of c 

P Q = Pt/L ■+ P (y-t>)/L 

i , =(R 8 L 3 -P? J -Pf*-*> 3 )A4.0FI) 

A/8 

ic/e = ft, (-’/«•« - ^ 

~ 2 H/b ~ ^c/e 
PgOdftAP) OUT Pit T 


X 

RB 

ThetaB 

YC 

m 

kN 

rad 

mm 

.0 

.000 

.00000 

.00000 

.5 

2.889 

.00315 

1.17881 

1.0 

5.778 

.00624 

2.32839 

1.5 

8.667 

.00921 

3.41951 

2.0 

11.556 

.01200 

4.42296 

2.5 

14.444 

.01456 

5.30950 

3.0 

20.222 

.01998 

7.22872 

3.5 

26.000 

.02499 

8.94335 

4.0 

31.778 

.02947 

10.39493 

4.5 

37.556 

.03331 

11.52503 

5.0 

43.333 

.03639 

12.28492 

5.5 

49.111 

.03859 

12.66487 

6-0 

54.889 

.03980 

12.66487 

6.5 

60,667 

.03989 

12.28492 

7.0 

66,444 

.03876 

11.52503 

7.5 

72.222 

.03629 

10.39493 

8.0 

78.000 

.03235 

8.94335 

8.5 

83.778 

.02684 

7.22872 

9.0 

89.556 

.01963 

5.30950 
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PROBLEM 9.C8 


- a - 
w 



Mr 


(.oxrxn 

v i 

R* K— 4 —- 1 


h, 


H, 


AA 


■I -J I J 3 4_4_ { __4 B 


, , , tm 

oj 

a —, 


t 


L 


9.C8 A uniformly distributed load w and several distributed loads P, may be 
applied to the cantilever beam AB. Write a computer program to determine the 
reaction at the roller support and apply this program to the beam and loading of 
(a) Prob. 9.53a, (ft) Prob. 9.154. 

SOLUTION 

THE BEAM IS UMJ>£Tef?M/VATE 
U$E £<fct/ATI®A/ OF CLASTIC CURVE 
ENTER ur A Nt FOR EQcH lOAP f> £ AW£) Cj 

Compute ofs Place pa fiot at 6 k? cmos 


RFAojioM AT A f 

&(/£ to &r 


/? 


A 


or a 


M - ---- w'- a 2 

'ft z 

EOF L - I To NVIA&ER L4JAQ5 P ( * 


1 f. 


C;—1 

AOrt r “ F L c 

W 

FOR DtSpLficeMEIOT frT 8 


Pl/C TO R$t\CTIOW hr A 




1 r a l 3 + -L m l' 

6 ^ z 'a 


* T ? s0 i ? = i! s0 
/. TMe CoM$Tftp/rz of 
lurF6*ATtM ?EfU> 


put TO P/5JR)Bu7e6 I0A5? 

_l -ftoa-^ 4 ) 

2f 


% 


L 


( 


L 


DOE JC Fi 

For i ~ \ to NuM$Bn L<sAS>i 

EI >* = i Pi a ' <r ‘' >5 

CUWNJTG li^PLh at M fA/T 4TB ftPC 17> ^ 

f%U " f 1 ? 

COMAUrf ^F4CT|0tv AT fi 


Fr £f^-X +L 

fcr it ~ - Y 7 l + L y-I c, 

Jy 1,1,*, 

tr 3 = ~ T* ^ r t 

BOtubARY CoNDrtraNi <ttv& c f . 


c* 

■c^o 


fRon El fpf %FZ ty B ) U „ %T = 0 


CONTINUED 
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PROBLEM 9.C8 CONTINUED 

PK 06 RAyi OUTPUT 

Problem 9.53 (a) 

Reaction at Roller Support = 11.5356 kN 
Problem 9.154 

Reaction at Roller Support = 10.1758 kN 
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Probfem 10.1 


10.1 Knowing that the torsional spring at B is of constant K and that the bar AB is 
rigid, determine the critical load P a . 



Lef © be O-vVj^t tff b<a>r A©- 


M = KQ 


X - L sin 0 l- Q 


On R - o: H - Px - O K0 - PL0- = O 


( K - PL 1 9 = O 




Problem 10.2 


10.2 Knowing that the spring at A is of constant k and that the bar AB is rigid, 
determine the critical load P a . 
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Problem 10.9 


10,9 Determine the critical load of a wooden meter stick which has a 7 x 24-mm 
rectangular cross section. Use E- 12 GPa. 
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Problem 10.10 


10.10 Determine the critical load of a round wooden dowel that is 0.9 m long and 
has a diameter of (a) 10 mm, (A) 15 mm. Use E~ 12 GPa. 




(W) 


S> 


1 = HW. 27 *lO~ ,z ^ 


T - if" C.** - mwi 

E - 12 *! o 01 Pa. L - O.*? v^r 


p _ 
' or 


t*ET Tr*(l3 *\o* XM9o.37x/Q~ i2 ) 
L x ~ &-*Y‘ 


? cr ^7L% N 


C “ ^ - 7.5 

1= S^g^V/o'V* 


r - ? c' 1 - S-(7.sV - 2 .^ 8 ^ 




p _ ir’-Pr _ tr' L (i2«to‘ , )(z.H&^><io 

VeJr ~ = (o- c ?') i - 


E> 12* fo’ 5 Pa L ~ o.^ w, 

r«) 


fL = 363 jSj 


Proprietary Material. €3 2009 The McGraw-Hill Companies, Inc. All rights reserved. No part of this Manual maybe displayed, reproduced, or 
distributed in any form or by any means, without the prior written permission of the publisher, or used beyond the limited distribution to teachers 
and educators permitted by McGraw-Hill for their individual course preparation. A student using this manual is using it without permission. 


www.elsolucionario.net 




Problem 10.11 


10.11 Determine the dimension d so that the aluminum and steel struts will have 
the same weight, and compute the critical load for each strut. 
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Problem 10.12 


1.5 it) 



10.12 Determine (a) the critical load for the steel strut, (A) the dimension d for 
which the aluminum strut will have the same critical load, (c) Express the weight 
of the aluminum strut as a percent of the weight of the steel strut. 
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Problem 10.13 



c =^C 3 £)= i 5 m^ 


10.13 A compression member of 1.5-m effective length consists of a solid 30- 
mm-diameter brass rod. In order to reduce the weight of the member by 25%, the 
solid rod is replaced by a hollow rod of the cross section shown. Determine (a) 
the percent reduction in the critical load, ( b } the value of the critical load for the 
hollow rod. Use £=105 GPa. 
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Problem 10.14 


10.14 A column of effective length L can be made by gluing together identical 
planks in cither of the arrangements shown. Determine die ratio of the critical 
load using the arrangement a to the critical load using the arrangement b. 
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Problem 10.15 


10.15 A column of 6~m effective length is to be made from three plates as shown. 
Using E = 200 GPa, determine the factor of safety with respect to buckling for a 
centric load of 16 kN. 
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Problem 10.16 



102 mm 
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10.16 and 10.17 A compression member of 3.6 m effective length is 
made by welding together two 102 X 76 X 6.4 turn steel angles as shown. Us¬ 
ing E = 200 GPa, determine the allowable centric load for the member if a 
factor of safety of 2,5 is required. 
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Problem 10.17 


76 mm 76 


T 

102 mm 


10.16 and 10.17 A compression member of 3.6 m effective length is 
made by welding together two 102 X 76 X 6.4 mm steel angles as shown. Us¬ 
ing E — 200 GPa, determine the allowable centric load for the member if a 
factor of safety of 2.5 is required. 
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Problem 10.18 



10.18 A single compression member of 8.2-m effective length is obtained by 
connecting two C 200 * 17.1 steel channels with lacing bare as shown. Knowing 
that the factor of safety is 1.85, determine the allowable centric load for the 
member. Use E ~ 200 GPa and d~ 100 mm. 
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Problem 10.19 



10.19 Members AB and CD are 30-mm-diameter steel rods, and members BC and 
AD are 22-mm-diameter steel rods. When the tumbuckle is tightened, the 
diagonal member AC is put in tension. Knowing that a factor of safety with 
respect to buckling of 2.75 is required, determine the largest allowable tension in 
AC. Use E = 200 GPa and consider only buckling in the plane of the structure. 


L Ac -]{3.sV +(^7v : -- H. 1 aos 


c * 




I ac - 1.8 f-gc. 


+ ZF V - O: F co - 


3 «-->■ ~p~ „ 

4. ***■ " ^ 


77, = l. isaa F, 


igs BC a.7 Ap: I Bc - il.Wv/O*^ 






L 


.2. ZS - ) 


4.<l?r36>/o fj 


F ec^~~ §^ 7 = l-G^WO W 17 s ^ ^ 3.02*10* N 

Mevv^Urs AB CD : ^ (if)* “ 37.761 x /o 3 mm 7 =• 3%76l*ld 1 

,. r - TT'EX® _ 77 V3‘0(37.76/Wo-*") ._s .. 

Up* P COjM . - —“—( i.T ' r - ^.7 og 1x|o W 

* 2.32*8*10* W 17 s ^r 2.77ylrfb) 

SmaJPes Vc^Joe 4»>e 1 AC) ^2 '■Jovev'.os, ”^Ac oif “ 


Proprietary Material. © 2009 The McGraw-Hill Companies, Inc. All rights reserved. No part of this Manual may be displayed, reproduced, or 
distributed in any form or by any means, without the prior written permission of the publisher, or used beyond the limited distribution to teachers 
and educators permitted by McGraw-Hill for their individual course preparation. A student using this manual is using it without permission. 


www.elsolucionario.net 




Problem 10.20 


10.20 Knowing that a factor of safety of 2.6 is required, determine the largest load 
P that can be applied to the structure shown. Use E = 200 GPa and consider only 
buckli ng in the plane of the structure. 
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Problem 10.21 



10.21The uniform aluminum bar AB has a 20 x 36-mm rectangular cross section 
and is supported by pins and brackets as shown. Each end of the bar may rotate 
freely about a horizontal axis through the pin, but rotation about a vertical axis is 
prevented by the brackets. Using E ~ 70 GPa, determine the allowable centric 
load P if a factor of safety of 2.5 is required. 
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Problem 10.22 



W23D X 32.7 


10.22 Column Ali carries a centric load P of magnitude 60 kN. Cables 
BC and BD are taut and prevent motion of point B in the xz plane. Using Euler’s 
formula and a factor of safety of 2.2, and neglecting the tension in the cables, 
determine the maximum allowable length L. Use E = 200 GPa. 
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Problem 10.23 



W250 X 32 7 


10.23 A W200 X 3.1.3 rolled-steel shape is used with the support and ca¬ 
ble arrangement shown in Prob. 10.21. Knowing that L ~ 7 m, determine the al¬ 
lowable centric load P if a factor of safety of 2.2 is required. Use E = 200 GPa. 

10.22 Column AB carries a centric load P of magnitude 60 kN. Cables 
BC and BD are taut and prevent motion of point B in the xz plane. Using Eider’s 
formula and a factor of safety of 2.2, and neglecting the tension in the cables, 
determine the maximum allowable length L. Use E — 200 GPa. 
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Problem 10.24 


10.24 A 25-mm-square aluminum strut is maintained in the position 
shown by a pin support at A and by sets of rollers at B and C that prevent ro¬ 
tation of tire strut in the plane of the figure. Knowing that l. AB — 0.9 m, de¬ 
termine («) the largest values of L uc and L cn that may be used if the allowable 
load P is to be as large as possible, ( b ) the magnitude of the corresponding al¬ 
lowable load. Consider only buckling in the plane of the figure and use E - 
72 GPa. 
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Problem 10.25 


10.25 Column ABC has a uniform rectangular cross section with b~ 12 mm and d 
— 22 nun. The column is braced in the xz plane at its midpoint C and carries a 
centric load P of magnitude 3.8 kN. Knowing that a factor of safety of 3.2 is 
required, determine the largest allowable length L. Use E - 200 GPa. 
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Problem 10.26 


10.26 Column ABC has a uniform rectangular cross section and is braced in the xz 
plane at its midpoint C. (a) Determine the ratio bid for which the factor of safety 
is the same with respect to buckling in the xz and yz planes, (b) Using the ratio 
found in part a, design the cross section of the column so that the factor of safety 
will be 3,0 when P = 4.4 kN, L — 1 in, and E = 200 GPa. 
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Problem 10.27 


10.27 Each of the five stmts consists of an aluminum tube that has a 32-mm outer 
diameter and a 4-mm wall thickness. Using E = 70 GPa and a factor of safety of 
2,3, determine the allowable load Po tor each support condition shown. 
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Problem 10.28 


10.28 Two columns are used to support a block weighing 14 kN in each 
of the four wavs shown, (a) Knowing that the column of Fig. (1) is made of 
steel with a 30-mm diameter, determine the factor of safety with resect to 
buckling for the loading shown. ( b ) Determine the diameter of each of the other 
columns for which the factor of safety is the same as the factor of safety obtained 
In part a. Use E ~ 200 GPa. 
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Problem 10.29 



10.29 The line of action of the 300-TN axial load is parallel to the 
geometric axis of the column AB and intersects the x axis at x = 15 mm. Us¬ 
ing E — 200 GPa, determine (a) the horizontal deflection of the midpoint C of 
the column, (b) the maximum stress in the column. 
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Problem 10.30 


10.30 An axial load P of magnitude 560 kN is applied at a point on the x axis at a 
distance e ~ 6 mm from the geometric axis of the W200 * 46.1 rolled-steel 
column BC. Using E - 200 GPa, determine (a) the horizontal deflection of end C, 
(b) the maximum stress in the column. 
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Problem 10.31 


10.31 An axial load P = 15 kN is applied at point D that is 4 mm from the 
geometric axis of the square aluminum bar BC. Using E~10 GPa, determine (a) 
the horizontal deflection of end C, (/>) the maximum stress in the column. 
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Problem 10.32 



36'mm 
diameter 


750 mm C 


10.32 An axial load P is applied lo the 36-nim-diameter steel rod AB 
as shown. When P — 90 kN, it is observed that tire horizontal deflection of the 
midpoint C is 0.8 min. Using E — 200 GPa, determine (a) the eccentricity e 
of the load, (h) the maximum stress in the rod. 
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Problem 10,35 


10.35 A brass pipe having the cross section shown has an axial load P 
applied 4 mm from its geometric axis. Using E — 120 GPa, determine (a) the 
load P for which the horizontal deflection at the midpoint C. is 5 mm, (b) the 
corresponding maximum stress in the column. 


125 mm 
*■ -—*4 


cWm 2.7 m 


c*-= t c z ~c 0 ~t - jr&'JT 


I ~ | (c o 4 - xi^ ) *■ 2. nol * it> b Ihk L 


L e - L - a *7 to 


TT^gX ^ 


C2‘l) 


■(*£)* 


C“l l] Sec 


f e 


JE. J 

ip t 

» C.V' 




■ access ■ 


S-+4- 


-J =r O'4^7 I 


P -xo'tfWb Pc* = ^2.3 


(W) - P c M 07 jbn/M*. 

A = tt (Cp a - c/ ) v- 77 (fcM"* - 2*4 3 

Si_ = 7-,- -- ^K|_+ &2^J(J±S> . fn .T MPa 

A I Z24S 3 .^ 0 ! 


Proprietary Material. © 2009 The McGraw-Hill Companies, Inc, All rights reserved. No part of this Manaal may be displayed, reproduced, or 
distributed in any form or by any means, without the prior written permission of the publisher, or used beyond the limited distribution to teachers 
and educators permitted by McGraw-Hill for their individual course preparation. A sludent using this manual is using it without permission. 


www.elsolucionario.net 




Problem 10.36 


125 mrn 





i - 6 



10.36 Solve Prob, 10.35, assuming that the axial load P is applied 
8 ram from the geometric axis of the column, 

10.35 A brass pipe having the cross section shown lias an axial load P 
applied 4 mm from its geometric axis. Using E = 120 GPa. determine (a) the 
load P for which the horizontal deflection at the midpoint C is 5 turn, (b) the 
corresponding maximum stress in the column. 
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Problem 10.37 



10.37 An axial load P is applied at a point located on the x axis at a 
distance e = 12 mm from the geometric axis of the W250 X 58 rolled-steel 
column HC. Using E = 200 GPa, determine (a) the load P for which the hor¬ 
izontal deflection of the top of the column is 15 mm, {b) the corresponding 
maximum stress in the column. 
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Problem 10.38 


10.38 The line of action of an axial load P is parallel to the geo¬ 
metric axis of the column AB and intersects the .v axis at x ~ 20 mm. Using 
E = 200 GPa, determine (a) the load P for which the horizontal deflection of 
the midpoint C of the column is 12 mm, ( b ) the corresponding maximum stress 
in the column. 
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Problem 10.40 



10.40 Solve Prob. 10,39, assuming that L is 4.5 m. 

10.39 An axial load P is applied at a point located on the x axis at a distance e ~ 
12 mm from the geometric axis of the W310 * 60 rolled-steel column BC. 
Assuming that L ~ 3.5 m and using E - 200 GPa, determine (a) the load P for 
which the horizontal deflection at end C is 15 mm, (b) the corresponding 
maximum stress in the column. 
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Problem 10.41 
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10.41 The steel bar AB has a 10 >■ 10-rnrn square cross section and is held by pins 
that are a fixed distance apart and are located at a distance e ~ 0.9 mm from the 
geometric axis of the bar. Knowing that at temperature T 0 the pins are in contact with 
the bar and that the force in the bar is zero, determine the increase in temperature for 
which the bar will just make contact with point C if'</= 0.3 mm. Use E ~ 200 GPa 
and the coefficient of thermal expansion nr ~ 11.7 x I07°C. 
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Problem 10.42 


e — 0.9 mm 


10 mm m I 



10.42 For the bar of Prob, 10.4 J, determine the required distance d for which the bar 
will just make contact with point C when the temperature increases by 60 °C. 

10.41 The steel bar AD has a 10 * 10-mm square cross section and is held by pins 
that are a fixed distance apart and are located at a distance e = 0.9 mm from the 
geometric axis of the bar. Knowing that at temperature T„ the pins are in contact with 
the bar and that the force in the bar is zero, determine the increase in temperature for 
which the bar will just make contact with point C if d ~ 0.3 mm. Use E ~ 200 GPa 
and the coefficient of thermal expansion a- 11.7 x 10 4 /°C. 
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Problem 10.43 


140 mm 



6 mm 



10.43 A pipe having the cross section shown is used as a 3-tn column. 
For tire grade of steel used <r r ™ 252 MPa and E = 200 GPa, Knowing that a 
factor of safety of 2.8 with respect to permanent deformation is required, de¬ 
ter mine the allowable load P when the eccentricity e is (a) 8 mm, (b) 4 mm 
(Hint: Since the factor of safety must be applied to the load P, not to the stress, 
use Fig, 10,24 to determine f J y ). 
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Problem 10.44 


10.44 Solve Prob. 10.43, assuming that the length of the column is 
increased to 4.2 m, 

10.43 A pipe having the cross section shown is used as a 4.2 m column. 
For the grade of steel used = 252 MPa and E — 200 GPa. Knowing that a 
factor of safety of 2.8 with respect to permanent deformation is required, de¬ 
termine the allowable load P when the eccentricity e is (a) 8 mm, (b) 4 mm 
(Hint: Since the factor of safety must be applied to the load P, not to the stress, 
use Fig. 10.24 to determine P r ). 



t — (i min 


C. - - 


- ~J0 Mb) 


C, - c. - t - 70 - <0 S ^4 Mai 
A ~ TT ( - C * ) - 2S2S'& Mh, 1 

IT ” -i ~ •4'7'4 /nh) 


l e - L - 


(cl) £ ~ 8 h~>b ; 
Fi<j 10. ZM 


V"- (47-4 Y 

Be s /35 
A 


V 1 ~ 47-4 

0 - 2492 . 




p 

^ FS. 

(W £ = 4 Mm 


2*^ 


- * (* 7 -4) z 

fL = /ii" A/As 


- 0. I24(s> 


Ft a ID. W JJL = /ii" MPa 

J £ 

P r - OZz£'8X'o~ l ’)(ll5x l o i ') r 4-IUSJ M 
P - Pr _ _ 4/6757 

r* ~ no 






Pj, - fcW 


Proprietary Material. © 2009 The McGraw-Hill Companies, Inc. All rights reserved. No part of this Manual may be displayed, reproduced, or 
distributed in any form or by any means, without the prior written permission of the publisher, or used beyond the limited distribution to teachers 
and educators permitted by McGraw-Hill for their individual course preparation. A student using this manual is using it without permission. 


www.elsolucionario.net 



Problem 10.45 


y 



10.45 An axial load P is applied to the W250 x 44.8 rolled-steel column BC that 
is free at its top C and fixed at its base B. Knowing that the eccentricity of the 
load is e — 12 mm and that for the grade of steel used ay - 250 MPa and E ~ 200 
GPa, determine (a) the magnitude of P of the allowable load when a factor of 
safety of 2.4 with respect to permanent deformation is required, (b) the ratio of the 
load found in part a to the magnitude of the allowable centric load for the column. 
(See hint of Prob. 10.43). 
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Problem 10.46 


(bl 



10.46 Solve Prob. 10.45, assuming that the length of the column is reduced to 1.6 
m. 

10.45 An axial load P is applied to the W250 x 44.8 rolled-steel column BC that 
is free at its top C and fixed at its base B. Knowing that the eccentricity of the 
load is e = 12 mm and that for the grade of steel used u y = 250 MPa and E - 200 
GPa, determine (a) the magnitude of P of the allowable load when a factor of 
safety of 2.4 with respect to permanent deformation is required, (b) the ratio of the 
load found in part a to the magnitude of the allowable centric load for the column. 
(See hint of Prob. 10.43). 
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Problem 10.47 


10.47 A 100-kN axial load P is applied to the W150 * 18 rolled-steel column BC 
that is free at its top C and fixed at its base B. Knowing that the eccentricity of 
the load is e ~ 6mm, determine the largest permissible length L if the allowable 
stress in the column is 80 MPa. Use E ~ 200 GPa. 
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Problem 10.48 


mm 

tP#-; 

■ \ 


10.48 A 250-kN axial load P is applied to the W200 x 35.9 rolled-steel column BC 
which is free at its top C and fixed at its base B. Knowing that the eccentricity of the 
load is e - 6mm, determine the largest permissible length L if the allowable stress in 
the column is 80 MPa. Use E ~ 200 GPa. 
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Problem 10.49 



10.49 Axial loads of magnitude P — 600 kN are applied parallel to 
the geometric axis of the W250 X 80 rolled-steel column AB and intersect 
the x axis at a distance e from the geometric axis. Knowing that <r o]] — 84 
MPa and F. — 200 GPa, determine the largest permissible length L when 
(a) e — 6 mm, ( b ) e = 12 mm. 
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Problem 10.50 


10.50 Axial loads of magnitude P — 580 kN are applied parallel to the geometric 
axis of the W250 * 80 rolled-steel column AB and intersect the x axis at a distance 
e from the geometric axis. Knowing that o„i t = 75 MPa and E = 200 GPa, 
determine the largest permissible length L when (a) e = 5 mm (b) e — 10 mm. 
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Problem 10.51 


10.51 An axial load of magnitude P = 220 kN is applied at a point located on the x 
axis at a distance e = 6 mm from the geometric axis of the wide-flange column 
BC. Knowing that E~ 200 GPa, choose the lightest W200 shape that can be used 
if Can = 120 MPa. 
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Problem 10.52 


b< 





10.52 Solve Prob. 10.51, assuming that the magnitude of the axial load is P = 345 

kN. 

10.51 An axial load of magnitude P - 220 kN is applied at a point located on the x 
axis at a distance e — 6 mm from the geometric axis of the wide-flange column 
BC. Knowing that E - 200 GPa, choose the lightest W200 shape that can be used 
if Oait = 120 MPa. 
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Problem 10.53 



10.53 A 54 kN axial load is applied with an eccentricity e = 10 mm to the circular 
steel rod BC that is free at its top C and fixed at its base B. Knowing that the stock 
of rods available for use have diameters in increments of 4 mm from 44 mm to 72 
mm, determine the lightest rod that may be used if a lU =110 MPa. Use E =200 GPa. 
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Problem 10.54 



10.54 Solve Prob. 10.53, assuming that the 54 kN axial load will be applied to the 
rod with an eccentricity, e - yd. 

10.53 A 54 kN axial load is applied with an eccentricity e - 10 mm to the circular 
steel rod BC that is free at its top C and fixed at its base B. Knowing that the stock 
of rods available for use have diameters in increments of 4 mm from 44 mm to 72 
mm, determine the lightest rod that may be used if a.,, = 110 MPa. Use E =200 GPa. 
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Problem 10.55 



10.55 Axial loads of magnitude P ~ 175 kN are applied parallel to the 
geometric axis of a W250 X 44.8 rolled-steel column All and intersect the axis 
at a distance e = 12 mm from its geometric axis. Knowing that o y = 250 MPa 
and E = 200 GPa, determine the factor of safety with respect to yield. (Hint: 
Since the factor of safety must be applied to the load P, not to the stresses, use 
Fig. 10.24 to determine P r .) 
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Problem 10.56 



10.56 Solve Prob. 10.55, assuming that e — 0.16 mm and P - 155 kN. 

10.55 Axial loads of magnitude P = 175 kN are applied parallel to the 
geometric axis of a W250 X 44.8 rolled-steel column AB and intersect the axis 
at a distance e — 12 mm from its geometric axis. Knowing that cr r — 250 MPa 
and E = 200 GPa, determine the factor of safety with respect to yield. {Hint: 
Since the factor of safety must be applied to the load P, not to the stresses, use 
Fig. 10.24 to determine P Y .) 
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Problem 10.57 



10.57 A steel pipe having the cross section shown is used as a column. Using the 
A1SC allowable stress design formulas, determine the allowable centric load if the 
effective length of the column is (a) 6 m, (h) 4 m. Use o y = 250 MPa and E = 200 
GPa, 
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10.58 A column with the cross section shown has a 4-m effective length. 
Using allowable stress design, determine the largest centric load that can be 
applied to the column. Use o> = 250 MPa and E = 200 GPa. 
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Problem 10.59 


1,0.59 Using allowable stress design, determine the allowable centric load for a 
column of 6-m effective length that is made from the following rolled-steel shape: 
(a) W200 x 35.9, (b) W200 x 86. Use a r = 250 MPa and £=200 GPa. 
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Problem 10.60 
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10.60 A W200 X 46.1 rolled-steel shape is used to form a column of 
6-m effective length. Using allowable stress design, determine the allowable 
centric load if the yield strength of the grade of steel used is (a) <r Y — 250 
MPa, (b) cry = 345 MPa. Use E = 200 GPa. 
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Problem 10.61 


10.61 A column having a 3.5-m effective length is made of sawn lumber with a 
114 x 140-mm cross section. Knowing that for the grade of wood used the 
adjusted allowable stress for compression parallel to the grain is ac = 7.6 MPa and 
the adjusted modulus E ~ 2.8 GPa, determine the maximum allowable centric load 
for the column. 
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Problem 10.62 


10.62 A sawn lumber column with a 190 X 140-mm cross section has 
a 5.5-m effective length. Knowing that for the grade of wood used the ad¬ 
justed allowable stress for compression parallel to the grain is cr c = 8.5 MPa 
and that E = 9 GPa, determine the maximum allowable centric load for the 
column. 
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Problem 10.63 



10.63 Bar AB is free at its end A and fixed at its base B. Determine the 
allowable centric load P if the aluminum alloy is (a) 6061-T6, ( b ) 2014-T6. 
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Problem 10.64 


10.64 A compression member has the cross section shown and an 
effective length of 1.5 m. Knowing that the aluminum alloy used is 6061-T6, 
determine the allowable centric load. 
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Problem 1 0.65 ,0 - 65 and 1&66 A compression member of 9-m effective length is obtained by 

welding two 10-mm-thick steel plates to a W250 * 80 rolled-steel shape as shown. 
Knowing that ay = 345 MPa. and E ~ 200 GPa and rising allowable stress design, 
determine the allowable centric load for the compression member. 
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Problem 10.66 


10.65 and 10.66 A compression member of 9-m effective length is obtained by 
welding two 10-mm-thick steel plates to a W250 x 80 rolled-steel shape as shown. 
Knowing that ay - 345 MPa. and E = 200 GPa and using allowable stress design, 
determine the allowable centric load for the compression member. 
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Problem 10.67 

y 



10.67 A compression member of 2.3-m effective length is obtained by bolting 
together two 127 * 76 * 12.7-mm steel angles as shown. Using allowable stress 
design, determine the allowable centric load for the column. Use oy - 250 MPa. 
and E — 200 (il’a. 
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Problem 10.68 
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10.68 A column of 6-m effective length is obtained by connecting two 
0250 X 30 steel channels with lacing bars as shown. Using allowable stress 
design, determine the allowable centric load for the column. Use o> = 250 
MPa and E - 200 CiPa. 
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10.69 A rectangular column with a 4,4-m eftective length is made of glued 
laminated wood. Knowing that for the grade of wood used the adjusted allowable 
stress for compression parallel to the grain is oq ~ 8.3 MPa and the adjusted 
modulus E - 4.6 GPa, determine the maximum allowable centric load for the 
column. 
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Problem 10.70 
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10.70 An aluminum structural tube is reinforced by riveting two plates to 
it as shown for use as a column of 1,7-m effective length. Knowing that all ma¬ 
terial is aluminum alloy 2014-T6, determine the maximum allowable centric load. 
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Problem 10.71 
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10.71 An 75-kN centric load is applied to a rectangular sawn lumber 
column of 6.5-m effective length. Using sawn lumber for which the adjusted 
allowable stress for compression parallel to the grain is <r c — 7.3 MPa and 
knowing that E — 10 GPa, determine the smallest square cross section that 
may be used. Use b = 2d. 
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Problem 10 72 10.72 A column of 2.1-m effective length is to be made by gluing together 

laminated wood pieces of 25 x 150-nun cross section. Knowing that for the grade 
of wood used the adjusted allowable stress for compression parallel to the grain is 
oc — 7-7 MPa and the adjusted modulus is E — 5.4 GPa, determine the number of 
wood pieces that must be used to support the concentric load shown when (a) P - 
52 kN, (b) P~ 108 kN. 
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Problem 10.73 
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10.73 The glued laminated column shown is free at its top A and fixed at its base B. 
Using wood that has an adjusted allowable stress for compression parallel to the 
grain oc ~ 9,2 MPa and an adjusted modulus of elasticity E — 5.7 GPa, determine 
the smallest cross section that can support a centric load of 62 kN. 
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Problem 10.74 


10.74 A 72-kN centric load must be supported by an aluminum column as shown. 
Using the aluminum alloy 6061-T6, determine the minimum dimension b that can be 




used. 
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Problem 10.75 


10.75 A 280-kN centric load is applied to the column shown, which is ftee at its top 
A and fixed at its base B. Using aluminum alloy 2014-T6, select the smallest 
square section that can be used. 
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Problem 10.76 
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[ 120kN 


'f«K 
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10.76 An aluminum tube of 90-mm outer diameter is to carry a centric load of 120 
kN. Knowing that the stock of tubes available for use are made of alloy 2014-T6 
and with wall thicknesses in increments of 3 mm from 6 mm to 15 nun, determine 
the lightest tube that can be used. 
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Problem 10.78 10.78 A column of 4.5-m effective length must carry a centric load of 900 kN. 

Knowing that a y = 345 MPa and K - 200 GPa, use allowable stress design to select 
the wide-flange shape of 250-mm nominal depth that should be used. 
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Problem 10.79 


10.79 A column of 6.8-m effective length must carry a centric load 
of 1200 kN. Using allowable stress design, select the wide-flange shape of350- 
mra nominal depth that should be used. Use o> = 350 MPa and E = 2(H) GPa. 


F ' s - Or ?«>*/<> 7 

Le r G’2 to 

■p< £l££ T > M* Pie* , (!.*!?)(/« 

1.14 U 7 ~ TT’-C^croy/o'?) 


ZSVUo 

E - 6A?, 


A. 

- X A* 


Trj V/?As X/ 22 ^. 


A - /£$~ 6 0 t*-*" j X„- M s /zt/'^K/o fn t* } ~ k> 3 toAv. 


C - i 




'-ft -ri 

6V 


V JSO 

i-e _ 

V' 

61 

- 

> i o k* 2 

cr 

_ TT* 

E 

Tt’C^aooo) 



(L/r)* ~ 0-‘‘*X/ o-t.qy- 

?Jti 

- 

A 

■ C88*Z )(/&**) - 


Use W3^X/2-Z 


Proprietary Material. © 200V The McGraw-Hill Companies, Inc. All rights reserved. No part of this Manual may be displayed, reproduced, or 
distributed in any form or by any means, without (he prior written permission of the publisher, or used beyond the limited distribution to teachers 
and educators permitted by McGraw-Hill for their individual course preparation. A student using this manual is using it without permission. 


www.elsolucionario.net 




Problem 10.80 
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10.80 A column of 4.6-m effective lengtl) must carry a centric load of 525 kN. 
Knowing that try- 345 MPa and E- 200 GPa, use allowable stress design to select 
the wide-flange shape of200-mm nominal depth that should be used. 
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Problem 10.81 


89 miri——89 mm—* 


10.81 Two 89 x 64-nmi angles are bolted together as shown for use as a column of 
2.4-m effective length to carry a centric load of 180 kN. Knowing that the angles 
available have thicknesses of 6.4 nun, 9.5 nun, and 12.7 nun, use allowable stress 
design to determine the lightest angles that can be used. Use oy = 250 MPa and E 
-200 GPa. 
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Problem 10.82 
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64 mm 
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10.82 Two 89 x 64-mm angles are bolted together as shown for use as a column of 
2.4-m effective length to carry a centric load of 325 kN. Knowing that the angles 
available have thicknesses of 6.4 mm, 9.5 mm, and 12.7 mm, use allowable stress 
design to determine the lightest angles that can be used. Use i7y~ 250 MPa and E 
= 200 GPa. 
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Problem 10.84 


64 mm 64 mtn 



89 mm 


10.84 Two 89 x 64-mm angles are bolted together as shown for use as a column of 
2.4-m effective length to carry a centric load of 325 kN. Knowing that the angles 
available have thicknesses of 6.4 mm, 9.5 mm, and 12.7 mm, use allowable stress 
design to determine the lightest angles that can be used. Use a t ~ 250 MPa and E ~ 
200 GPa. 
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Problem 10.85 
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180 mm 
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*10.85 A rectangular tube having the cross section shown is used as a 
column of 4.4-m effective length. Knowing that o Y — 250 MPa and E = 200 
GPa, use load and resistance factor design to determine the largest centric live 
load that can be applied if the centric dead load is 220 kN, Use a dead load fac¬ 
tor y„ = 1.2, a live load factor y L =1.6 and the resistance factor <j> = 0.85. 
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Problem 10.86 * 10 ? 6 A . co ! utt,n Wllh a 58 -m effective length supports a centric load, with ratio of 

dead to live load equal to 1.35. The dead load factor is yp = 1 .2, the live load factor 
ft - 1.6, and the resistance factor if - 0.90. Use load and resistance factor design 
to determine the allowable centric dead and live loads if the column is made of the 
following rolled-steel shape: (a) W250 * 67, (b) W 360 x 101. Use ay = 345 MPa 
and £'=200 GPa. 
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Problem 10.87 



*10.87 The steel tube having the cross section shown is used as a col¬ 
umn of 4.5-m effective length to carry a centric dead load of 210 kN and a 
centric live load of 240 kN. Knowing that the tubes available for use are made 
with wall thicknesses in increments of 2 mm from 4 mm to 10 mm, use load 
and resistance factor design to determine the lightest tube that can be used. Use 
e T y - 250 MPa and E — 200 GPa. The dead load factor j n — 1.2, the live load 
factor y L — 1.6, and the resistance factor </> = 0.85. 
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Problem 10.88 


10.88 A steel column of 5.5-m effective length must cany a centric dead load of 310 kN 
and a centric live load of 375 kN. Knowing that oy = 250 MPa and E = 200 GPa, use 
load and resistance factor design to select the wide-flange shape of 310-mm nominal 
depth that should be used. The dead load factor y„ = 1.2, the live load factor y L = 1.6 and 
the resistance factor a ~ 0.90. 
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Problem 10.89 


e -i 


15 mm 


10.89 A column of 5.5-m effective length is made of the aluminum alloy 2014-T6, 
for which the allowable stress in bending is 220 MPa. Using the interaction 
method, determine the allowable load 1\ knowing that the eccentricity is (a) e — 0, 
(b) e ~ 40 mm. 


152 mm 



-152 mm 


5.5 m 


b a • I $2 b,. - t>*~ T 172 •*>»'» 

A - C - - 2220 - 8220 »lO’ c to*- 

1 - 51 ^ 

Y 1 ~ 


r 54.26 O' 3 


S.S 


- 77.76 > S~S 




(f/^V 


e<7.7£> ) 


P 54?£>tO' s 

" MPa. Cev'-'irtc *Po**fi‘r>ej 


Pec 


I 


AS^t 1<S>, t 

(a.) e = o P* A 61* jC » C%Mo*(o c )('S2.‘n*io ( -')* 32o*k?i4 ~ 320 kN 
(b) € ~ rio > 10 1 w c - 0 S" 2 ) 55 76 ***•» - 76 *fo~ 5 m 


_£___ 4 -±Li22Li2^ JCl £^Jo^l - sGcgflH/o-p = > 

(mOxfO'^Ksg.^xfO 6 ) (Zi.OZvfO-* )(220 * /£>*} * e> lO r \ 


P - 273 x/o 5 M 


P- 273 kb/ 


Proprietary Material. © 2009 The McGraw-Hill Companies, Inc. All rights reserved. No part of this Manual may be displayed, reproduced, or 
distributed in any form or by any means, without the prior written permission of the publisher, or used beyond the limited distribution to teachers 
and educators permitted by McGraw-Hill for their individual course preparation. A student using this manual is using it without permission. 


www.elsolucionario.net 









Problem 10.90 


10.90 Solve Prob. 10.89, assuming that the effective length of the column is 3.0 m. 



!52 ram- 


10.89 A column of 5.5-m effective length is made of the aluminum alloy 2014-T6, 
for which the allowable stress in bending is 220 MPa. Using the interaction 
method, determine the allowable load P, knowing that the eccentricity is (a) e = 0, 
{b) e = 40 mm. 
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Problem 10.91 




10.91 A sawn lumber column of 125 X 190-mrn cross section has an 
effective length of 2.5 m. The grade of wood used has an adjusted allowable 
stress for compression parallel to the grain <x r = 8 MPa and a modulus of elas¬ 
ticity E — 8.3 GPa. Using the allowable-stress method, determine the largest 
eccentric load P that can be applied when {a) e = 12 mm, (b) e — 24 mm. 
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Problem 10.92 




125mm ><L 


10.92 Solve Prob. 10.91 using the interaction method and an allowable 
stress in bending of 9 MPa. 

10.91 A sawn lumber column of 125 X 190-mm cross section has an 
effective length of 2.5 m. The grade of wood used has an adjusted allowable 
stress for compression parallel to the grain 07 - = 8 MPa and a modulus of elas¬ 
ticity E = 8.3 GPa. Using the allowable-stress method, determine the largest 
eccentric load P that can be applied when (a) e =12 mm, (b) e ~ 24 mm. 
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Problem 10.93 


10.93 A steel compression member of 2.75-m effective length supports an eccentric 
load as shown. Using the allowable-stress method and assuming e = 40 mm, 
determine the maximum allowable load P. Use try - 250 MPa and E - 200 GPa. 
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Problem 10.94 



10.94 Solve Prob. 10.93, using e — 60 mm. 

10.93 A steel compression member of 2.75-m effective length supports an eccentric 
load as shown. Using the allowable-stress method and assuming e — 40 mm, 
determine the maximum allowable load P. Use oy~ 250 MPa and E ~ 200 GPa. 
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Problem 10.96 


10,96 Solve Prob. 1 0 . 95 , assuming that P~ 105 kN. 


10.95 A rectangular column is made of a grade of sawn wood that has an adjusted 
allowable stress for compression parallel to the grain F c ~ 8.3 MPa and a modulus 
P ” !05fcN of elasticity^— 11.1 GPa. Using the allowable-stress method, determine the largest 

I allowable effective length L that can used. 
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Problem 10.97 


50-min diameter 


11> = 48 IcN 


10,97 An eccentric load P — 48 kN is applied at a point 20 mm from the geometric 
axis of a 50-mm-diameter rod made of the aluminum alloy 6061-T6. Using the 
interaction method and an allowable stress in bending of 145 MPa, determine the 
largest allowable effective length L that can be used. 


c ~ ©f - 2.S A r 7re. ~ i• v ' , « 

I = fc’ - 3o£.,?x/o'mJ - 1 2. S' 

S “ HO wk, {, ~ I *fS IO Pa. 


e* Ho 

£ . - 

A 6-^, 


Pec 

16^ i 


, pec 


X6>,U VS*to 3 


■ _ Pec 
Xe.^/1 

r , c < ^8M«j‘ s X^oyfo , KZ5'yyo~*) ' 


(3o&. g )(l ¥5 ^ i O") 

. = ,53.08&*/c>*P<&. - .53.086 MPa 


6> c r 3£m O* 


AvSS^KaC “yT > ^6* « 

L _ /3£T| x |0 > __ / ^jVlxlQ^ _ », 
^7 6> jC " j S2.0S 6 - R -‘* 

SL^>Hr- * ( 8 l. 3 f‘K'*.s'xlo“ i> ) 


(L/r )*• 

&I.3I4 > 


L * l.o 16 


Proprietary Materia). © 2009 The McGraw-Hill Companies, Inc. All rights reserved. No part of this Manual maybe displayed, reproduced, or 
distributed in any form or by any means, without the prior written permission of the publisher, or used beyond the limited distribution to teachers 
and educators permitted by McGraw-Hill for their individual course preparation. A student using this manual is using it without permission. 


www.elsolucionario.net 







www.elsolucionario.net 



Problem 10.99 



10.99 The compression member AB is made of a steel for which ay = 250 MPa and 
E — 200 GPa. It is free at its top A and fixed at its base B. Using the 
allowable-stress method, determine the largest allowable eccentricity e x , knowing 
that (a) e y = 0, (b) e y ~ 8 mm. 
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Problem 10.101 



10.101 A column of 4.2-m effective length consists of a section of steel 
tubing having the cross section shown. Using the allowable-stress method, deter¬ 
mine the maximum allowable eccentricity e if (a) P — 220 kN, (h) P — 140 kN. 
Use cr y = 250 MPa and E = 200 GPa. 
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Problem 10.102 


10 turn 
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10.102 Solve Prob. 10.101, assuming that the effective length of the 
column is increased to 5.4 m and that (a) P - 110 kN, (b) P = 70 kN. 

10.101 A column of 4.2-m effective length consists of a section of steel 
tubing having the cross section shown. Using the allowable-stress method, deter¬ 
mine the maximum allowable eccentricity e if (a) P — 220 kN, (b) P — 140 kN. 
Use (>y = 250 MPa and E = 200 GPa. 
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Problem 10.103 



e — 80 mm 


UK) mm 



10.103 A savvn lumber column of rectangular cross section has a 2,2-m effective 
length and supports a 41 kN load as shown. The sizes available for use have b equal 
to 90 mm, 140 mm, 190 mm and 240 mm. The grade of wood has an adjusted 
allowable stress for compression parallel to the grain a c =8.1 MPa and E= 8.3 GPa, 
Use the allowable-stress method to determine the lightest section that can be used. 
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Problem 10.104 


10.104 Solve Prob. 10.103, assuming that e - 40 mm. 



10.103 A sawn lumber column of rectangular cross section has a 2.2-m effective 
length and supports a 41 kN load as shown. The sizes available for use have b equal 
to 90 mm, 140 mm, 190 mm and 240 mm. The grade of wood has an adjusted 
allowable stress for compression parallel to the grain a c =8.1 MPa and E- 8.3 GPa. 
Use the allowable-stress method to determine the lightest section that can be used. 
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Problem 10.105 10.105 The eccentric load P has a magnitude of 85 kN and is applied at a point 

located at a distance e ~ 30 mm from the geometric axis of a rod made of the 
aluminum alloy 6016-T6. Using the interaction method with a 140-MPa 
I | p allowable stress in bending, determine the smallest diameter d that can be used. 
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Problem 10.107 


P= 130kN 



Assent U/^ > 

-£_ + Pec 


10.107 A compression member of rectangular cross section has an 
effective length of 0.9 m and is made of the aluminum alloy 2014-T6 for which 
the allowable stress in bending is 165 MPa. Using the interaction method, 
determine the smallest dimension d of the cross section that can be used when 
e = 10 mm. 


A - <5^ 
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Problem 10.108 


P = 130 kN 



10.108 Solve Prob. 10.107, assuming that <? = 5 mm. 

10.107 A compression member of rectangular cross section lias an 
effective length of 0.9 m and is made of the aluminum alloy 2014-T6 for which 
the allowable stress in bending is 165 MPa. Using the interaction method, 
determine the smallest dimension d of the cross section that can be used when 


e * fVo Av /h 


e ~ 10 mm. 


A ~ J Cl - ^c# 
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Problem 10.109 


10.109 A compression member made of steel has a 720-mm effective length and 
must support the 198-kN load P as shown. For the material used cy = 250 MPa 
and B - 200 GPa. Using the interaction method with an allowable bending stress 
equal to 150 MPa, determine the smallest dimension d of the cross sectin that can 
be used. 
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Problem 10.110 


10.110 Solve Prob. 10.109, assuming that the effective length is 1.62 m 
and that the magnitude P of the eccentric load is 128 kN. 


18 mm 



10.109 A compression member made of steel has a 720 mm effective 
length and must support the 198-kN load P as shown. For the material used 
a y — 250 MPa and E = 200 GPa. Using the interaction method with an al¬ 
lowable bending stress equal to 150 MPa, determine the smallest dimension d 
of the cross section that can be used. 
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Problem 10.111 



10.111 A steel tube of 80-mm outer diameter is to cany a 93-kN load P with an 
eccentricity of 20 mm. The tubes available for use are made with wall thicknesses 
in increments of 3 mm from 6 mm to 15 mm. Using the allowable-stress method, 
determine the lightest tube that can be used. Assume B ~ 200 GPa and try = 250 
MPa. 
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Problem 10.112 


tt — 20 mm —H 



10.112 Solve Prob. J 0.111, using the interaction method with P- 165 kN, e = 15 
mm, and an allowable stress in bending of 150 MPa. 

10.111 A steel tube of 80-mm outer diameter is to carry a 93-kN load P with an 
eccentricity of 20 mm. The tubes available for use are made with wall thicknesses 
in increments of 3 mm from 6 mm to 15 mm. Using the allowable-stress method, 
determine the lightest tube that can be used. Assume E ~ 200 GPa and ffy ~ 250 
MPa. 
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Problem 10.113 


200 mitt 

1 


I P - ISil l;N 




10.113 A steel column having a 7,2-m effective length is loaded ec¬ 
centrically as shown. Using the allowable stress method, select the wide-flange 
shape of 350 nun nominal depth that should be used. Use a Y = 250 MPa arid 
£ = 200 GPa. 
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Problem 10.114 



10.114 Solve Prob. 10.113 using the interaction method, assuming that 
<Ty = 350 MPa and an allowable stress in bending of 200 MPa. 

10.113 A steel column having a 7.2-m effective length is loaded ec¬ 
centrically as shown. Using the allowable stress method, select the wide-flange 
shape of 350-mm nominal depth that should be used. Use o> — 250 MPa and 
E = 200 GPa. 
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Problem 10.115 


10.115 A steel compression member of 5.8-m effective length is to support a 
296-kN eccentric load P. Using the interaction method, select the wide-flange 
shape of 200-mm nominal depth that should be used. Use E = 200 GPa, ay- 250 
MPa, and <7 »h = 150 MPa in bending. 
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Problem 10.116 



10.116 A steel column of 7.2-m effective length is to support an 83-kN eccentric 
load P at a point D, located on the x axis as shown. Using the allowable-stress 
method, select the wide-flange shape of 250-mm nominal depth that should be 
used. Use E = 200 GPa and ay = 250 MPa. 
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Problem 10.117 


10.117 The steel rod BC is attached to the rigid bar AB and to the fixed 
support at C. Knowing that G — 77 GPa, determine the critical load P a of the 
system when d = 12 min. 
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Problem 10.118 




10.118 Hie rigid bar AD is attached to two springs of constant k and is in 
equilibrium in the position shown. Knowing that the equal and opposite loads P 
and P’ remain vertical, determine the magnitude P a of the critical load for the 
system. Each spring can act in either tension or compression. 
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Problem 10.119 


10.119 A column of 3-m effective length is to be made by welding together two 
Cl 30 * 13 rolled-steel channels. Using E - 200 GPa, determine for each 
arrangement shown the allowable centric load if a factor of safety of 2.4 is 
required. 


(<i) 


(b) 


For C 130 x 13^ 

I x * 3.70vfo‘w„vP 


A ~ 1*710 irv.vM 7 ' W - 43 Wirvn 

X ~ 12. 2. 


I r -“ O.w 


7. vox/o 6 m*.* 


Arrange (gj , Ix r (5X"3.7^x/o 4 ) 

Ij - 7.[ 0.2<WMo‘ 4 =• I.0370X/0 1 ^ 

I„,„=Xy - l. O$7o x lO c twin — J. O37o *f /o m ** 

r» _ V*EX*h _ TT z (2oo*/oiYt.o37o*lO’ c ) .. ___ r s tr . 

Per ' —'-£- * —- ^ f 3 A:... - 777 */o y - 727 


P*it = 


— Bf 


(3.0) 
22 7 


Ichi 


Rs. 2.4 

Arrange (pi . X x - 0?)(3.7o */o*) 

Ij - Z l lO c + (J7I0X*»S - 12.3^] * q.lll* 


Vdi ~ wsky 


IO C *riAt W 




-J 


a 


T*£IW» 

U*“ 


4-4/* V /o 4 M*i y - ^.<7// x/CT 6 Vvr V 

TT 2 (200 x IO* XH.'M x /cT tf ) 


^ r KS. 


(3.0) 4 - 

iOl? 

7. 4 


- (07? x/c> N - 1077 fcw 


R* ~ 444 kW 


Problem 10.120 


10.120 Member ,1/:? consists of a single Cl 30 x 10.4 steel channel of length 2.5 m. 
Knowing that the pins A and B pass through the centroid of the cross section of 
the channel, determine the factor of safety for the load shown with respect to 
buckling in the plane of the figure when 0 = 30°. Use E ~ 200 GPa, 



A8 - n> ; "fri'An^Xe A^C is f*5»X'gf, „ 

IF* r o ; 

- F At COS ir“ a F>„ CO 5 So“ =- O 

C,8kw fr T Bia Cg&3o " 

c cos/r® 


F Aa ( s-n 3o* - 


S<V) 3o* * 

eos/s“ 


0.7€705 /X* 


6. 8 


F> g = 2<T. 3?8 <r(0 


C I 30* )0. 4 


Per 


. — 
l A8 


I„,-„ “ 0.220 x lo c >r,m“ r 0.227 x/o & w,® 

374 * iP . D , 77.324 */0 3 W-72.324 


F.S. 


Ik 77.32;/ 
251303 


F. S. = 2. SS -* 
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Problem 10.121 



10.121 A 25-mm-squarc aluminum strut is maintained in the position 
shown by a pin support at A and by sets of rollers at H and C that prevent 
rotation of the strut in the plane of (he figure. Knowing that L U) = 0,9 m, 
L m: — 1.2 m, and L co ~ 0,3 m, determine the allowable load 1’ using a factor 
of safety with respect to buckling of 3.2. Consider only buckling in the plane 
of the figure and use E — 72 GPa. 


I - * ?2«-2 

t z £X 

RS. 


P~» 


o _ _ utMZ _ 

1 ” (F.S.)(U)Ju 


Povt'iors A8 ? 

PtW'flot'l 8 C. ' 

Pori IOV3 CD 


L e r o.iU s(o.iK 6 *^ - 0‘i>?> 

U - 0.5 - (o.s)(/'Z) * 0 ‘<o #*, 

Le - X Le. ~ ( 230 * 3 ) - 0*6 ^ 


*n 


iU\ 


~ O' 6? tn 


P„' 


IV 7 ,<>- 

£?.zH<>'63) 2 


- ? a/ - igrU-kN 
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Problem 1 0 1 22 10.122 Knowing that P - 5.2 kN, determine the factor of safety for the structure 

shown. Use £ = 200 GPa and consider only buckling in the plane of the structure. 



AB : I A& = “ 5.153^'^% 51 ISSt/o "’ ,vF 

R 1j£< . - ffXjQO* td* )(f* 1 5 3 2L ! f j,y - 7.<5£36x/6 4 N ■= J.OZ>3& ktJ 

La a v* 2 ' 

r r — f~Aa,e r _ 7. oC 2 y?. 7 

r ^' “ F A * ' ~£7oi*t 


Me^Ur BC : I Bt - t}:- li.Mr? */o s ^ = ll.mv/cT* ^' 


+ l.2 l * 2.SS m v 


F 


fr *• Ela 

U 1 


t| a (^QO > /C?'*) 

7-gfc . . 


F.s. - 




7. 8SJ 3 


F„ 




Z.S'lSZ, 


S r*\t\ iiUa f.s,- 


- 7. 8 2I3WO W * 7.£$ 13 

3. /3 

F.S. ~ 2.27 —i 
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Problem 10.124 


10.124 A column is made from half of a W360 * 216 rolled-steel shape, with the 
geometric properties as shown. Using allowable stress design, determine the 
allowable centric load if the effective length of the column is (a) 4.0 m, (6) 6.5 m. 
Use ay = 345 MPa and E = 200 GPa. 


11 
11 
11 
11 


A - 13.8 X to 3 mm 2 
I x = 26.0 X 10 fi mm 4 
I :/ = 142.0 X 10 fi mm 4 


«■* 


Wi*> 


-J 


-3 


~ 43.4 oC» lO Hr 


.-.A= 13.2* I o' M 

+~*.i +'■<•» L/r; ‘*.7l 1 /£ - 4.7 1 - lis.f 

(a, - ) U’ft.O"-'. tt - irv ■«- 153 < OS. 1 * 


° e ~ CU/v^) 2 


- m.w mPa 

CT2. I5M* 


<S^A “(Ul. GH0 4 )(l3.SW/CT 3 ) 


(b) Le - 6. S' 




Le 


6.£T 


H3.4*I0~ 3 


111-0 MP C 
P^“ fi>32. feu 
- 147.77 > 113.4- 


ir 2 ^ _ rr^Czoo*io Ci ') 


64 'CU/Vy- (147.77^ 

<3L« = RS. - |-~y[(o.a77)(&a.o')'| " 46.2.1 MB, 

- GufA r (4<S.2./>‘/C? < *)0 s. 3^ ID" 3 ) 63-a k to 


- 8S.0 MPa 


Problem 10.125 


10.125 A compression member has the cross section shown and an ef¬ 
fective length of 1.5 m. Knowing that the aluminum alloy used is 2014-T6, 
determine the allowable centric load. 


f = 91 


"100 1 


100 mm 


b a - too M/m - i -> 0 - 2t * Stz M M] ■ 

A - (/<?o? - - 327 6 h-^v?- 

I - /vctv, 2 -' 


IP r V^- - 37-3 *)« 


/jf&A 


L e - 

3^ij, r 4°‘Z-l <r 53T “fiiV' 20 IV-TC «y&»wuV)t»ivi ajfoy . 

&<,j'l “ ■ 2 f a - - hS~8S~CL/r-'\ * - U>S$$) iU-otXt) s fi+g*2, mPq. 

P*u : &<MA ~ W?)Oi76) = feA/ 
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Problem 10.126 


10.126 A column of 5-m effective length must carry a centric load of 
950 kN, Using allowable stress design, select the wide-flange shape of 250- 
mm nominal depth that should be used. Use cr y — 250 MPa and B = 200 GPa. 


P < §xA A > . 

F. s. ' 

L t = £tr> 


2S7>Mot> 

E * 200 


-7> z. 

^ f/o * 


p < . T > .AL 3mi£Bhin X - ,Z C , *to b Jt 

r 1 . 12 . L' 1 ~n*E ' oi) ' K 


wzzz>x$o , A - /««M^ 

P E _ / 2,TJ ? (2oootro') 

' V 6V ^7 - 

^ * T ? 1 r 7t "? 1 •= C . 


VtjOTH/ol) " ^ " 

Ij- 47‘lYlO^^ V" * 6X 

- /2^7 

^ - O. 6//7 

Cc /2i-7 


RS. - H (p< tp//*?) -4r(c>‘ fc/Y*?) 3 = t>8l7'C 

«* * |x [|- i(^n ’^[|- tfo-acm] - las-e m 

PcA ’ 6^A - Qq 8'8) l l0M)a ) - liol- 1M > 


Us« 


Problem 10.127 



10.127 A 32-kN vertical load P is applied at the midpoint of one edge of the 
square cross section of the aluminum compression member Ail that is free at its 
top A and fixed at its base B. Knowing that the alloy used is 6061-T6 and using 
the allowable-stress method, determine tire smallest allowable dimension d. 


A - A' 


x-±r 


P_ . Pec 
A I 


j=Z J C = -gd e. - *ef 

^ K* 


A&SCtHK* L/u > to (a m ' 


(L/VP 


B - 3S! *jo‘ > fbt. 


L* 12 L* _ 8 

J _ ."/W" . /fM«Y32xtO s )f?.M) T _ 7 

Y 8 1 3SI * lo- 

^• 3 *' " in ' 3 > ^ 


Le -• JL - 2.9 


lo.l KtO 


* 70.1*10 vv, 


20.yS»lQ~ 3 *> 


d =r 10.1 ,**, 
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Problem 10.128 



10.128 A 180-kN axial load P is applied to the rolled-steel column 
BC at a point on the ,v axis at a distance e = 62 mm from the geometric axis 
of the column. Using the allowable-stress method, select the wide-flange 
shape of 200-mm nominal depth that should be used. Use E = 200 GPa and 
oy - 250 MPa. 


SiseS ' E ~ 


<o r -■ zsvMPo 



■ 7 G* ~ 
L * 4 At 


2v^CEc&co o) 


i %s * / 


L e =■ ZL *■ 4r»B > 


Try Wj£Ox4 6«| -p r 43*<73 <*C e 

i prt ft 1. 24 m u fa 

I F.S. - f + $(<j*747) - I*8*14. 

v " «* * 

£ 4 .£.e..<k 08oooo)( UX*ozJi) = /o 4,7S MPA 


£8 be 


l5>3xto<> > qs*IMfti 

C ) 

r (i*p 2 f)(tr* 6 <>) * UYn-rk 


A ppro X t»“‘i« 


I v i r<>4 


Tro W£*2X£K r y - Xblh.^ 7 T - -e r 0«75#fc. 


F.S. = 


61« - 46 


j£L 4 Pec _ tfswc , OfrOO<3)(b2)ClQ4-/z) A r.~, * „ , , „ „ r a» 

a * IT ■ — K~jZ7i " 1o - 77 < 


Use W2^dX5 2. 
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PROBLEM 10.C1 


I0.C1 A solid steel rod having an effective length of500 mm is to be used as a 
compression strut to cany a centric load P. For the grade of steel used E = 200 
GPa and oy = 245 MPa. Knowing that a factor of safety of 2.8 is required and 
using Euler’s formula, write a computer program and use it to calculate the 
allowable centric load P m for values of the radius of the rod from 6 mm to 24 mm, 
using 2-ram increments. 


SOLUTION 

S EFFECTIVE LfN&TH L e 

AWD FfiCTQR Of SAFETY FS 
COM/i/TE Of 6 YAA TIQN 

A - TT Rfi t> z 

T = 4-IT RA o f 


F = 



X 

A 


P6T TERMiU E. fijLLOm CFwTfetC LOA 


CRITICAL STUB'S S i 


<T - 

cr 




Lft (T SPIAU-Eft OF 

<TA 
FS 


? - 
f Atf 


PRatfifiM OUTPUT 


Radius 

Critical 

Allowable 

of rod 

stress 

load 

m 

MPa 

k:N 

.006 

71.1 

2.87 

.008 

126.3 

9.07 

.010 

197.4 

22.15 

.012 

284.2 

39.58 

.014 

386.9 

53.88 

.016 

505.3 

70.37 

.018 

639.6 

89.06 

.020 

789.6 

109.96 

.022 

955.4 

133.05 

.024 

1137.0 

158.34 

Below the 

dashed line 

we have: 

critical stress > 

yield strength 
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PROBLEM 10.C2 




\H mm " '< 


W781 






Rt/CRLINS i'l </2 Pi-flPI-2 


L t ~ 0.1 L 

6UCKLINA tM 2 2 pLfsVS 


10.C2 An aluminum bar is fixed at end A and supported at end B so 
that it is free to rotate about a horizontal axis through the pin. Rotation about a 
vertical axis at end B is prevented by the brackets. Knowing that E ~ 70 GPa, 
use Euler’s formula with a factor of safety of 2.5 to determine the allow¬ 
able centric load P for values of b from 20 mm to 38 nun, using 3-inm 
increments. 


SOLUTION 

ENTER LEW&TM L and factor of SAFErf PS 
FOR, k =7.6 mm TO Z&tnm wnH 3m/n inckempp ts 

COMPUTE KAP )OS Of &fAAT>C>U 

A — 33 E i —•— 

^7<* = /a 

-r _ w , 3 . ^fTZ 




COMPUTE CRITICAL ZlAESSFS 

(<r ) = jEl _ 

. u ) = llL: . 

(cr l 

jft C T EQUAL smallEK $TRE£$ 
COMPUTE ATLOlVABt-F CENTR 1C /.PAD 

p = gk A 

All p 5 




PR06EAH OUTPUT 


b 

Critical 
stress 
x axis 

Critical 
stress 
y axis 

Allowable 

load 

mm 

MPcH 

MPty 

hH 

70 

£i-t>(os: 


2'(#3 

Z3 

Ci'iU' 

ll< 3&0 

JJtltAS' 


JCX' 3 XT 

4-T« uv-P 

it- 7^7 

z.9 

T > ■ 3 6dT 

X9.77 6 



4> • 3 fc-T 

imn 

£3">7-70 

3ir 

70.lU 

£7 * o7o 


3? 

-Q • 3 kr 

/ OA' E.? E 

3o*Of(> 
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PROBLEM I0.C3 


3 in —*-h— ;5 m — 



JOINT 0: 

hh Zh 

i \/ r 3 

y/ | 

t fj ~ o Yterns 

\-k* 

h - JL yifL05 

I h ,rw 

h " h 

JOWT 


10.C3 The pin-ended members AB and BC consist of sections of aluminum pipe 
of 120-mm outer diameter and 10-nim wall thickness. Knowing that a factor of 
safety of 3.5 is required, determine the mass m of the largest block that can be 
supported by the cable arrangement shown for values of h from 4 m to 8 m, using 
0.25-m increments. Use E = 70 GPa and consider only buckling in the plane of 
the structure. 


SOLUTION 

COMPUTE' MOMBajj OF IN££774 

2 ~ O.of- o.or 4 ) 

4 

fQ& h * 4 TO $ U$JN6 0.t9 I MC*e H£NTS 
Compote allowable Loads FW MEMBERS 


K\r - 


17 2 El 


i ^Bc X.. ~ 


V 2 EI 


v ' HB'cr S.rd)’ 11 ’ 9c TV ’i.Fli,)' 1 

PETEftMiME ALLOWABLE W 

)/ - 2 ( B ) ^a\l )i = Vf 
W aJ! BQVALS tMAlltK VALVE 

Compute mass m 

v^u 

m 9.81 

PROGRAM OVlPUT 


I 

AB 1 


I. 


h 

h 

Weight 

Weight 

mass 

x AS" W 

h 

m 

critical 

stress 

AB 

kN 

critical 

stress 

BC 

kN 

kg 

4 w 

4.00 

455.11 

269.7 

7854.88 


4 .25 

455.11 

286.6 

8345.80 


4.50 

455.11 

303.4 

8836.74 


4.75 

455.11 

320.3 

9327.66 


5.00 

455.11 

337.1 

9818.59 


5.25 

455.11 

354.0 

10309.52 


5.50 

455.11 

370.8 

10800.45 


5.75 

455.11 

387.7 

11291.38 


6.00 

455.11 

404.5 

11782.31 


6.25. 

455.11 

421.4 

12273.24 


6.50 

455.11 

438.3 

12764.17 


6.75 

455.11 

455.1 

13255.10 


7,00 

455.11 

472.0 

13255.10 


7.25 

455.11 

488.8 

13255.10 


7.50 

455.11 

505.7 

13255.10 


7.75 

455.11 

522.5 

13255.10 


8.00 

455.11 

539.4 

13255.10 
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PROBLEM J0.C4 


''X I* 




W200 X 59 f 


10.C4 All axial load P is applied at a point located on the x axis at a 
distance e = 12 mm from the geometric axis of the W200 X 59 rolled-steel 
column AB. Using E — 200 GPa, write a computer program and use it 
to calculate for values of P from 100 to 300 kN, using 20-kN increments, 
(a) the horizontal deflection at the midpoint C, (b) the maximum stress in 
the column. 

SOLUTION 

£*/TER L£A/6Trt Lj ECCENT'RWHTY e 

BN7SR PROPERTIED A I t 

COMpoTt CRITICAL Load 

p - ^ ^ 

cr L Z 

FOR P ~ look** TO Zcrokti W /A/CREMCWTD of zok/sf 
Compute HoRitoMTAL deflection AT c 


= C (* EC ({ /£)-*«) 


Compute maximum STRESS 

cr ~ fL / u o bi cr _. 


/r«"fv 5E ‘r 

? 


PROGRAM OUTPUT 


ji) 


loo 
l b O 
0-0 0 
% ( f0 

1x0 6 


maximum 

deflection 

him 

i- hoo <r 

{■ 2 • 6 4- 2- 

h-—-— 

3^2-1 

4'47£ 


maximum 

stress 

MPq 

GO- (>9o 
4-F£6 o 

PS- ~Jt.T 
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PROBLEM 10.CS 


10.C5 A column of effective length L is made from a rolled-steel shape 
and carries a centric axial load P. The yield strength for the grade of steel used 
is denoted by ar Y , the modulus of elasticity by E, the cross-sectional area of the 
selected shape by A, and its smallest radius of gyration by r. Using the A1SC 
design formulas for allowable stress design, write a computer program to 
determine the allowable load P. Use this program to solve (a) Prob. 10,59, 
(/;) Prob. 10,60, (c) Prob. 30.124. 


SOLUTION 


B > cr r 

BPTBR Ptopek TtE.5 A, ►* 

allowablb stress 


c "*- 7] JW 


If L/Ky 2 C 
<J _ o«& 7 7 Tf 2 E 
*'* ~ Uldfr^ 

IP L/r» ^ c 

rr - ^ E 

€ 7 * 7 ryF 


<r y /(T t 


(T - — 0.6^8 

V/i ;.67 , 

CfiCVLA Tr ALLOU/ABL-B L#At>: 

F - cr., A 

an 


h 


CONTINUED 
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PROBLEM 10.C5 CONTINUED 


OUTPUT 

Problem 10,60 a 

Effective length = 6m 

A = Hi *» 

ry = £'/»S'/ y '» v i 
Yield strength = zfiroMPfl 

E = ^-ooooo NtPo 


Allowable centroid load: P = 43>l«z e 3fc» 

Problem 10.60 Jb 

Effective Length = few t 

A = G%t>o 
ry = £b5 mm 

Yield strength - toPg 

E * 20 060i Mf*q 


Allowable centroid load: P = 437 •6S e l kM 

Problem 10.60 a 

Effective Length = 6.00 m 

A = 4580.0 mm**2 

ry = 40.8 mm 

Yield strength = 250.0 MPa 

E = 200 GPa 


Allowable centroid load: P = 217.727 kN 

Problem 10.60 b 

Effective Length = 6.00 m 

A - 11000.0 mm**2 

ry = 53.2 mm 

Yield strength = 250.0 MPa 

E = 200 GPa 


Allowable centroid load: P = 858.637 kN 

Problem 10.124 a 

Effective Length = 4.00 m 

A = 13.8 mm**2 

ry = 43.4 mm 

Yield strength = 345.0 MPa 

E = 200 GPa 


Allowable centroid load: P = 1532 kN 

Problem 10.124 b 

Effective Length = 6.50 m 

A = 13800.0 mm**2 

ry - 43.4 mm 

Yield strength = 345.0 MPa 

E = 200 GPa 


Allowable centroid load: P = 638.0 kN 
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PROBLEM 10.C6 




10.C6 A column of effective length L is made from a rolled-steel shape 
and is loaded eccentrically as shown. The yield strength of the grade of steel 
used is denoted by a y , the allowable stress in bending by cr a | t , the modulus 
of elasticity by E, the cross-sectional area of the selected shape by A, and its 
smallest radius of gyration by r. Write a computer program to determine the 
allowable load P, using either the allowable-stress method or the interaction 
method. Use this program to cheek the given answer for (a) Prob. 10.113, 
(b)Prob, 10.114. 


SOLUTION 

ZVTBK L ) £ y ^> e 't 

tVTFR PROPERTY 5 A 

PE TE RMIME hljOWABLE STZSSS 

C ® t.7l 


IF l/r > C 

J Q, 87 7 T7 g 

Uhl (L/r^y 

I F L/tu < 

^Te. ~ (Llr^)* 


~ r— O.i 

/.6 7 l 


ov/r e 


**7 


CoB F ■= J- f 52L f St 


r a»l ~ COEf 

Fog iNVEtncndN Merf/ob 

l , ( Q y/$y)+ 

COFF t— --- t -“-—-t 


).fl 

3 » ji ■* CoFF 




CONTINUED 
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PROBLEM 10.C6 CONTINUED 


f>R0G,RfiM OUTPUT 


Problem 10.113 

Effective Length = 74£hn 
A ■* Z7boo 
RY = /of 

SX = 3 .$ x to b mm* 
Yield strength = ijroWP* 

E = 200000 MPa. 


Using Allowable-Stress Method 
Allowable load: P = I5b~7 k bfr k-N 


Problem 10.114 
Effective Length = 7*2 ho 

ft = 1inm 1 

RY ~ ipl'b hour 
SX = l bio Kio* 
Yield strength = sSooMfo 

E = JfloOft-oM/’q 


Using Interaction Method 
Allowable load: P = fz/ct-T#/ k-bi 
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Chapter 11 
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Problem 11.1 


11.1 Determine the modulus of resilience for each of the following aluminum 
alloys; 

(«) 1100-1114: £=70 GPa <r r =55MPa 

(b) 2014-T6 £=72 GPa: a Y = 220 MPa 

(c) 6061-T6 £ = 69 GPa: <r r = 150 MPa 


ecu E ~ loxio" 6V= SS * iO 6 Pet 

<S^ _ (6^/0^ 

Uy - - -- 


2e " (^X? <7 xio*') 


2.L6 x lo" M»vvi /rX - 


- 2I.& kJ AvX 


{W 5“ 72*10* Pa 


<3yr 


n - 6y v _ (726? x/oT „ M - oor i r/ * 

u r * ' (2X22* \0*) “ 33 G'xio J- 33G UJ/v*\ 


(t\ £ - S'? * IP* S*y - Iso^fo 6 ^ 


ll 


6;. 


2£ 
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11.2 Determine the modulus of resilience for each of the following 
grades of structural steel: 

(«) ASTM A709 Grade 50: <r r = 350 MPa 

( b ) ASTM A913 Grade 65: o> = 450 MPa 

(c) ASTM A709 Grade 100: tr,, « 700 MPa 
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Problem 11.3 


11.3 Determine the modulus of resilience for each of the following 
alloys: 

(a) Titanium: £“115 GPa, cry — 875 MPa 

(b) Magnesium: E ~ 45 GPa, try — 200 MPa 

(c) Cupronickel (annealed): E — 140 GPa, r r y — 125 MPa 


E - //$* PTa, 6 ; = 9 is MPa 

XP (ZH/ASXro 7 ) 

sr 3-3 3 

£ r 45 <J r ? «*£<?© 


Uv r XE 


IE (xX^SX/O**) ' ' 


(C 1 * E - IPo ~ l2-i> M P <? ( 




y 11 5 B*8 tto^ A/a> j E 1 -z &S~b k~ J J jy,- 


Problem 11.4 


11.4 Determine the modulus of resilience for each of the following metals: 

(a) Stainless steel 

A1SI 302 (annealed): £=190 GPa a Y = 260 MPa 

(b) Stainless steel 2014-T6 

AISI302 (cold-rolled): E = 190 GPa cry - 520 MPa 

(c) Malleable cast iron: £=165 GPa oy~ 230 MPa 
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Problem 11.5 



11.5 The stress-strain diagram shown has been drawn from data ob¬ 
tained during a tensile test of a specimen of structural steel. Using E = 200 
GPa, determine (a) the modulus of resilience of the steel, (b) the modulus of 
toughness of the steel. 
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11.6 The stress-strain diagram shown has been drawn from data obtained during a 
tensile test of an aluminum alloy. Using E - 72 GPa, determine (a) the modulus of 
resilience of the alloy, ( b ) the modulus of toughness of the alloy. 
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Problem 11,7 


11.7 The load-deformation diagram shown has been drawn from data obtained 
during a tensile test of structural steel. Knowing that the cross-sectional area of 
the specimen is 250 mm 2 and that the deformation was measured using a 500-mm 
gage length, determine (a) the modulus of resilience of the steel, ( b ) the modulus of 
toughness of the steel. 
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Problem 11.8 


11.8 The load-deformation diagram shown has been drawn from data 
obtained during a tensile test of a 18-nim-diameter rod of an aluminum alloy. 
Knowing that the deformation was measured using a 400-mm gage length, 
determine (a) the modulus of resilience of the alloy, (/>) the modulus of tough¬ 
ness of the alloy. 
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Problem 11.9 11.9 Using E - 200 OPa, determine (a) the strain energy of the steel 

rod ABC when P = 35 kN, (b) the corresponding strain energy density in por¬ 
tions AB and BC of the rod. 
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Problem 11.10 


11.10 Using E ~ 200 GPa, determine (a) the strain energy of the steel rod ABC 
when P~ 25 kN, (A) the corresponding strain-energy density in portions AB and BC 
of the rod. 
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Problem 11.11 




75 m-*■] 


11.11 A 0.75-m length of aluminum pipe of cross-sectional area 
1190 ntrir is welded to a fixed support A anti to a rigid cap B. The steel rod EF, 
of 18-mm diameter, is wekled to cap B. Knowing that the modulus of elas¬ 
ticity is 200 GPa for die steel and 73 GPa for the aluminum, determine (a) the 
total strain of the system when P = 40 kN, ( b) the corresponding strain-energy 
density of the pipe CD and in the rod EF. 
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Problem 11.12 


1 LI 2 Rod AB is made of a steel for which the yield strength is ay— 450 MPa and E 
— 200 GPa; rod BC is made of an aluminum alloy for which ay - 280 MPa and E ~ 
73 GPa. Determine the maximum strain energy that can be acquired by the 
composite rod ABC without causing any permanent deformations. 
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Problem 11.13 


11,13 Rods AB and BC are made of a steel for which the yield strength is «y= 300 
MPa and the modulus of elasticity is E - 200 GPa. Determine the maximum strain 
energy that can be acquired by the assembly without causing permanent 
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11.14 Rod BC is made of a steel for which the yield strength is oy= 300 MPa and the 
modulus of elasticity is E - 200 GPa. Knowing that a strain energy of 10 J must be 
acquired by the rod when the axial load P is applied, determine the diameter of the 
rod for which the factor of safety with respect to permanent deformation is six. 
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Problem 11.15 


11,15 Using E = 74 GPa, determine by approximate means the maxi¬ 
mum strain energy that can be acquired by the aluminum rod shown if the al¬ 
lowable normal stress is (r gll = 154 MPa. 
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Problem 11.16 


1 1,16 Show by intonation that the strain energy of the tapered rod AH is 
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Problem 11.17 



11.17 through 11.20 In the truss shown, all members are made of the same material 
and have the uniform cross-sectional area indicated. Determine the strain energy of 
the truss when the load P is applied. 
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Problem 11.18 
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11.17 through 11.20 In the truss shown, all members are made of the same material 
and have the uniform cross-sectional area indicated. Determine the strain energy of 
the truss when the load P is applied. 
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Problem 11.19 


11.17 through 11.20 In the truss shown, all members are made of the same 
materia] and have the uniform cross-sectional area indicated. Determine the strain 
energy of the truss when the load P is applied. 



bo 


£ 


a. 


Hewiioe/' 

F 

L 

A 

F z 

L/A 

CB 

-IP 

** 

3.A 

11 s 

Its 

P*i/A 

CD 

-fP 

** 

2A 

as 

P2/A 

Bt> 

IP 

JL 

A 

q 

6! 

?2/A 

Z 




171 

381 

r*Jt/A 


+-27R. - o: - o 

F,„ - F.o 

4t 5T, =o ; -p- - O 

Re - P 

■f -•* Z Fy * & * 

- Feo ~ £ Kv - ^ 

rr - _ J. . jSTp s Ip 
r »t> S 2 s *■ 

n = y £lk . je!L 


OTA “ 2E 


. _ fill 22 '") 
~ 2^ 1381 A 

- 121 22 
~ Ill EA 


U 


o.zss 


12 

EA 


Proprietary Material. © 2009 The McGraw-Hill Companies, Inc, All rights reserved. No part of this Manual may be displayed, reproduced, or 
distributed in any form or by any means, without the prior written permission of the publisher, or used beyond the limited distribution to teachers 
and educators permitted by McGraw-Hill for their individual course preparation. A student using this manual is using it without permission. 


www.elsolucionario.net 





Problem 11.20 11,17 through 11.20 In the truss shown, all members are made of the same material 

and have the uniform cross-sectional area indicated. Determine the strain energy of 
the truss when the load P is applied 
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Problem 11.21 


11.21 In the truss shown, all members are made of aluminum and have the uniform 
cross-sectional area shown. Using E = 72 GPa, determine the strain energy of the 
truss for the loading shown. 
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Problem 11.22 


11.22 Solve Prob. 11,21, assuming that the 120-kN load is removed. 
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11.21 In the truss shown, all members are made of aluminum and have the uniform 
cross-sectional area shown. Using E —12 GPa, determine the strain energy of the 
truss for the loading shown. 
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Problem 11.25 


11.23 through 11.26 Taking into account only the effect of normal stresses, 
determine the strain energy of the prismatic beam AB for the loading shown. 
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Problem 11.27 


*/; 



11,27 Assuming that the prismatic beam AB has a rectangular cross section, show 
that for the given loading the maximum value of the strain-energy density in the 
beam is 
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where U is the strain energy of the beam and V is its volume. 
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Problem 11.28 



11.28 Assuming that the prismatic beam AB has a rectangular cross section, show 
that for the given loading the maximum value of the strain-energy density in the 
beam is 

u max = 15“ 

where U is the strain energy of the beam and V is its volume. 





2£X 




— M - (wi/) y r 


M 


W V/ 


- 

££ r 


w 


JLl 

s 


M_. - 

iwL 1 


M^c 

T 


- 

S' 1 

W *HCr 

t. a 5L "JL 

c 

A_ 

i. i 4 * 

vj L C 

w Vc 1 


ZE 

Z£I’ 


Z ET X 

8 SI 1 

JLL , 

L J 

5c l 

L (ikbdO 

s dr 

■ T 

is ^ ko/ 





U — 

IS —a 



Proprietary Material. © 2009 The McGraw-Hill Companies, Inc. All rights reserved- No part of this Manual may be displayed, reproduced, or 
distributed in any form or by any means, without the prior written permission of the publisher, or used beyond the limited distribution to teachers 
and educators permitted by McGraw-Hiii for their individual course preparation. A student using this manual is using it without permission. 


www.elsolucionario.net 




Problem 11.29 


11.29 and 1131 Using E - 200 OPa, determine the strain energy due to bending for 
the steel beam and loading shown. 
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Problem 11.30 


11.30 and 11.32 Using E — 200 GPa, determine the strain energy due 
to bending for the steel beam and loading shown. 
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Problem 11.32 
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11.31 and 11.32 Using E ~ 200 GPa, determine the strain energy due 
to bending for the steel beam and loading shown. 
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Problem 11.33 


T 7 L 


11.33 The ship at A has just started to drill for oil on the ocean floor 
at a depth of 1500 m. The steel drill pipe has an outer diameter of 200 mm and 
a uniform wall thickness of 12 mm. Knowing that the top of the drill pipe ro¬ 
tates through two complete revolutions before the drill bit at B starts to oper¬ 
ate and using G — 77 GPa, determine the maximum strain energy acquirer! by 
the drill pipe. 
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Problem 11.34 



11.34 Rod AC is made of aluminum and is subjected to a torque T applied at C. 
Knowing that G = 73 GPa and that portion BC of the rod is hollow and has an inner 
diameter of 16 mm, determine the strain energy of the rod for a maximum shearing 
stress of 120 MPa. 
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Problem 11.35 



11.35 Show by integration that the strain energy in the tapered rod AB is 

7 t2l 
U ~ 48 Gj~ 

where ./ mm is the polar moment of inertia of the rod at end ft. 
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Problem 11.36 





11.36 The state of stress shown occurs in a machine component made of a brass for 
which try =160 MPa Using the maximum-distortion-energy criterion, determine 
whether yield occurs when (a) <r t = +45 MPa, (A) or z ~ -45 MPa 
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Problem 11.37 


11.37 The state of stress shown occurs in a machine component made of a brass for 
which ay = 160 MPa. Using the maximum-distortion-energy criterion, determine 
the range of values of a. for which yield does not occur. 
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Problem 11.38 


11.38 The state of stress shown occurs in a machine component made 
of a grade of steel for which <r y — 450 MPa. Using the maximum-distortkm-en- 
ergy criterion, determine the factor of safety associated with the yield strength 
when (a) tr y = +110 MPa, (b) <r Y - - I I0 MPa. 
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Problem 11.39 


11.39 The state of stress shown occurs in a machine component made 
of a grade of steel for which <r y = 450 MPa. Using the maximum-distortion-en- 
ergy criterion, determine the range of values of cr, for which the factor of safety 
associated with the yield strength is equal to or larger than 2.2. 
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Problem 11.40 


11.40 Determine the strain energy of the prismatic beam All, taking into account 
the effect of both normal and shearing stresses. 
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Problem 11.41 *11.41 A vibration isolation support is made by bonding a rod A, of radius /? l5 and a 

tube B, of inner radius R 2 to a hollow rubber cylinder. Denoting by G the modulus 
of rigidity of the rubber, determine the strain energy of the hollow rubber cylinder 
for the loading shown. 
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Problem 11.42 


11.42 A 6-kg collar has a speed Vo = 4.5 m/s when it strikes a small plate 
attached to end A of the 20-nun-diameter rod AB. Using E ~ 200 GPa, 
determine the equivalent static load, ( b ) the maximum stress in the rod, (c) the 
maximum deflection of end A. 
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Problem 11.43 


11.-45 A 5-kg collar I) moves along the uniform rod AB and has a speed vq = 6 
m/s when it strikes a small plate attached to end A of the rod. Using E — 200 
GPa and knowing that the allowable stress in the rod is 250 MPa, determine 
the smallest diameter that can be used for the rod. 
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Problem 11.44 


A C 


11.44 The 45-kg collar C is released from rest in the position shown and 
is stopped by Plate BDF that is attached the 22-rnm-diameter steel r<xl CD and to 
the 16-mm-diamcter steel rods AB and EF. Knowing that for the grade of steel used 
fr ai | — 165 MPa and E = 2(X1 CiPa, determine the largest allowable distance h. 
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Problem 11.45 


A C E 



11.45 Solve Prob. 11.44, assuming that the 22-mm-diameter steel rod 
CD is replaced by a 22-mm-diameter rod made of an aluminum alloy for which 
= 140 MPa and E = 73 GPa. 

11.44 The 45-kg collar C is released from rest in the position shown and 
is stopped by Plate BDF that is attached the 22-mm-diameter steel rod CD and to 
the 16-mm-diameter steel rods AB and EF. Knowing that for the grade of steel used 
(T all — 165 MPa and E — 200 GPa, determine the largest allowable distance h. 
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Problem 11.46 


11.46 Collar D is released from rest in the position shown and is stopped by a small 
plate attached at end C of the vertical rod ABC. Determine the mass of the collar for 
which the maximum normal stress in portion BC is 125 MPa. 
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Problem 11.47 


11.47 Solve Prab. 11.46, assuming that both portions of rod ABC are made of 
aluminum 


n 


it.46 Collar D is released from rest in the position shown and is stopped by a small 
plate attached at end C of the vertical rod ABC. Determine the mass of the collar for 
which the maximum normal stress in portion BC is 125 MPa 
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Problem 11.48 


I 2 m I | 





11.48 The post AB consists of a sted pipe of 80-mm-diameter and 6-mra wall 
thickness. A 6-kg block C moving horizontally with at velocity v 0 hits the post 
squarely at A. Using E ~ 200 GPa, determine the largest speed v 0 for which the 
maximum normal stress in the pipe does not exceed 180 MPa. 
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Problem 11,49 
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11.49 Solve Prob. 11.48, assuming that the post AB consists of a solid steel rod of 
80-tnm diameter. 

11.48 The post AB consists of a steel pipe of 80-mm-diameter and 6-mm wall 
thickness. A 6-kg block C moving horizontally with at velocity v„ hits the post 
squarely at A Using E =* 200 GPa, determine the largest speed v 0 for which the 
maximum normal stress in the pipe does not exceed 180 MPa. 
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Problem 11.50 



11.50 The steel beam AB is struck squarely at its midpoint C by a 45-kg block 
moving horizontally with a speed vo = 2 m/s. Using E ~ 200 GPa, determine the 
equivalent static load, ( b ) the maximum normal stress in the beam, (c) the 
maximum deflection of the midpoint C of the beam. 
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Problem 11.51 


11.51 Solve Prob. 11.50, assuming that the W150 * 13.5 rolled-steel beam is 
rotated by 90° about its longitudinal axis so that its web is vertical. 



11,50 The steel beam AB is struck squarely at its midpoint C by a 45-kg block 
moving horizontally with a speed v 0 = 2 m/s. Using E = 200 GPa, determine the 
equivalent static load, (5) the maximum normal stress in the beam, (c) the 
maximum deflection of the midpoint C of the beam. 
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Problem 11,52 


11.52 The 20-kg block D is dropped from a height h — 0.18 in onto the 
steel beam AH. Knowing that E ~ 200 GPa, determine (a) the maximum de¬ 
flection at point E, (b) the maximum normal stress in the beam. 



L- f> bl+to- 1 " ir? Sy *■ 71'$ h 


S t,'to x .15 


(X- 

L r h & fa 


fe> = hZ *> 


V] -<?'/<? 



h-L 




R»- f? a = ^ 

Ftrew Apf>c.*dlx T) C<cS« 5 

~ . *-Bs iffi.)- -l -—— - yif 'klxio - 1 

J 3i?X L Olfatrcxr ‘ 

P„> r /OtSHtaS Y<= 


IL ~ i P_ - 5va£/rx«* yA 

Wes-k of u/r,yd ; W (h* y e ) = #*)<?.&)( <W£ + T 35^3 7 Mfye 

wc^U ct«J e^e^sjj 35,34 fq(, y 0 = to** y g * 

y E — * I Y> o~ k - 6f6^x#o" 4 ~ O 

fcO Y* * a[ i7 * /x/ ‘ r *’ +7 ri7 ^ x/ < 5 '^ ~^] r y /y) 

r> _ //,i,<ri * /«<h| //), oo^fai i - An za.’-r f./ = 4‘fafa 


> * tj 


(b) '*ClO'Si>l*H> b )(P'* oi ht) - 42 357 Xj 


<S1 - 


jAAtAt ,. ... j/^*3 jMF< 

7<f*rX(6 


Proprietary Material. © 2009 The McGraw-Hill Companies, Inc. All rights reserved. No part of this Manual may be displayed, reproduced, or 
distributed in any form or by any means, without the prior written permission of the publisher, or used beyond the limited distribution to teachers 
and educators permitted by McGraw-Hill for their individual course preparation. A student using this manual is using it without permission. 


www.elsolucionario.net 



Problem 11.53 



11.53 and 11.54 The 2-kg block D is dropped from the position shown onto the end 
of a 16-mm-diameter rod. Knowing that E - 200 GPa, determine (a) the 
maximum deflection of end A, ( b ) the maximum bending moment in the rod, (c) the 
maximum normal stress in the rod. 
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Problem 11.54 


! 1.53 and 11.54 The 2-kg block/? is dropped from the position shown onto the end 
of a 16-mm-diameter rod. Knowing that E ~ 200 GPa, determine (a) the 
maximum deflection of end A, ( b ) the maximum bending moment in the rod, (c) the 
maximum normal stress in the rod. 
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Problem 11.55 


11.55 A 72-kg diver jumps from a height of 0.5 m onto end C of a diving 
board having the uniform cross section shown. Assuming that the diver’s legs 
remain rigid and using E — 12 GPa, determine (a) the maximum deflection at 
point C, ((>) the maximum normal stress in the board, (c j the equivalent static 
load. 
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Problem 11.56 



Woe k of -F/fFriu wz.iqlt't ? 


11.56 A block of weight If is dropped from a height h onto the horizontal beam 
AD and hits it at point D. (a) Show that the maximum deflection y m at point D can 
be expressed as 

y m = y st 

where y s , represents the deflection at D cau.sed by a static load if applied at that 
point and where the quantity in parenthesis is referred to as the impact factor. ( b ) 
Compute the impact factor for the beam and the impact of Prob. 1 i .53. 

11.53 and 11.54 The 2-kg block D is dropped from the position shown onto the end 
of a 16-mm-diaineter rod. Knowing that E = 200 GPa, determine (a) the 
maximum deflection of end A, (b) the maximum bending moment in the rod, (c) the 
maximum normal stress in the rod. 
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Problem 11.57 




11.57 A block of weight W is dropped from a height h onto the horizontal beam 
AH and hits point D. (a) Denoting by y„ the exact value of the maximum 
deflection at D and by y'„ the value obtained by neglecting the effect of this 
deflection on the change in potential energy of the block, show that the absolute 
value of the relative error is (y’„ * JV-fyn. never exceeding y J2h. {b ) Check the 
result obtained in part a by solving part a of Prob, 11.53 without taking y m into 
account when determining the change in potential energy of the load, and 
comparing the answer obtained in this way with the exact answer to that problem. 

11.53 and 11.54 The 2-kg block D is dropped from the position shown onto the end 
of a 16-mm-diameter rod. Knowing that E = 200 GPa, determine (a) the 
maximum deflection of end A, (h) the maximum bending moment in the rod, (c) the 
maximum normal stress in the rod. 
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Problem 11.58 


11.58 and 11.59 Using the method of work and energy, determine the deflection at 
point D caused by the load P. 
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Problem 11.59 


11.58 and 11.59 Using the method of work and energy, determine the deflection at 
point D caused by the load P. 
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Problem 11.62 


11.62 and 11.63 Using the method of work and energy, determine the deflection at 
point C caused by the load P. 
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Problem 11.63 



11.62 and 11.63 Using the method of work and energy, determine the deflection at 
point C caused by the load P. 
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Problem 11.66 


11.66 The 20-mm-diameter steel rod BC is attached to the lever AB and to the fixed 
support C. The uniform steel lever is 10 mm thick and 30 mm deep. Using the 
method of work and energy, determine the deflection of point A when L - 600 mm. 
Use E = 200 GPa and G - 77.2 GPa. 





I - i^-(|0){30) 3 s 72.5* 10* - 23.5*/o'V 

CL - S00 w(c ~ b.SOO ko 


Mg = Pa - (HSo)(o.£oo') - 225 N- m 
H - fV 

-n . f* M l x, fpVJ* P 7 a* 

Uar ' l 2EI ~ t£L ‘ Q,£Z 

— (o,5ao) _ r. q zjc t 

" (€\&PO*lo')CZZS"lcr') ~ 


|VU_iC. (To © S<o«- ) 


T = M s r 225 W-t 


C = (0. 


X- ? c* - 7og v(o V**? - }S, log*(o ’ rj 


L ~ C,oo tvi w\ - 6.QOO m 


(2.15 ) z ( 0 . 600 } 


= \Z.S2VZ J 


^ 26J ‘ (2X77^vlGMdS.^j0'*») " " 

ThJ : u r U Ae T U^~ 0.93 75 + ll.SIHX =• is. 4617 J 


* 13 




$. - £9. 2 


Proprietary Material. © 2009 The McGraw-Hill Companies, Inc. All rights reserved. No part of this Manual may be displayed, reproduced, or 
distributed in any form or by any means, without the prior written permission of the publisher, or used beyond the limited distribution to teachers 
and educators permitted by McGraw-Hill for their individual course preparation, A student using this manual is using it without permission. 



www.elsolucionario.net 



Problem 11.67 


11.67 The 20-mm-diameter steel rod BC is attached to the lever AB and to the fixed 
support C. The uniform steel lever is 10 mm thick and 30 mm deep. Using (he 
method of work and energy, determine the length L of the rod BC for which the 
deflection at point A is 40 mm. Use E - 200 GPa and G ~ 77.2 GPa. 
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Problem 11.68 


11.68 Two steel shafts, each of 22-mm diameter, are connected by the 
gears shown. Knowing tins! G — 77 GPa and that shaft OF is fixed at F, 
determine the angle through which end A rotates when a 135-N • nt torque is 
applied at A. Ignore the strain energy due to the bending of the shafts. 
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Problem 11.69 



11.69 The 20-mm-diameter steel rod CD is welded to the 20-mm-diajfieter steel 
shaft All as shown. End C or rod CD is touching the rigid surface shown when a 
couple Tb is applied to a disk attached to shaft All. Knowing that the bearings are 
self aligning and exert no couples on the shaft, determine the angle of rotation of 
the disk when T a = 400 N-m. Use E = 200 GPa and G ~ 77.2 GPa (Consider the 
strain energy due to both bending and twisting in shaft All and to bending in arm 
CD.) 
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Problem 11.70 


T' 



11.70 The thin-walled hollow cylindrical member AB has a noncircular cross 
section of nonuniform thickness. Using the expression given in Eq. (3.53) of Sec. 
3.13, and the expression for the strain-energy density given in Eq. (11.19), show 
that the angle of twist of member AB is 

TL £ ds 
0 ~4 (£GJ t 

where ds is an element of the center line of the wall cross section and O is the area 
enclosed by that center line. 
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Problem 11.71 11.71 and 11J2 Each member of the truss shown has a uniform cross-sectional 

area A. Using the method of work and energy, determine the horizontal deflection 
of the point of application of the load P. 
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Problem 11.72 


11.71 and 71.72 Each member of the trass shown has a uniform cross-sectional 
area A. Using the method of work and energy, determine the horizontal deflection 
of the point of application of the load P. 



Me^ {,eiz s 

X 
? 


XoivX A 

A 




yToj /i~f *£) “ Of 

4^ -f P “ Fco = O 

F« - T 

>£lL r _i_y F ^ L 


4p 


Ao <■ 


u 


x> 


_ 22 

' ft tJT 


AB a*iet BD 

4- ZF V = O l 



>o 


*At> 


Jt 

S 

+1 z F y -- o ; 


| F,P P ; O 


- Fit. ~ s F^o r O 


Mci»\ be/- 

F 

L 

F Z L 

A8 

o 


O 

6D 

o 

V 

0 

AD 

-fP 


W' 

CD 

P 

L 

PC? 

AC _ 

IP 

It- 

*P*JP 


f P‘J? 


a - ML - 21 M 

u * p * 8 EA 


AO 


fP 


rAC 


- A 


~fP 


ViWk of P - 4 P A r U 


A- 3wS?<r 


p£ 


www.elsolucionario.net 





Problem 11.73 


11.73 Each member of the truss shown is made of steel and Stas a uniform 
cross-sectional area of 1945 mm 2 . Using E — 200 GPa, determine the vertical 
deflection of joint A caused by the application of the !00-kN load. 
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Problem 11.75 


11.75 Members of the truss shown are made of steel and have the cross-sectional 
areas shown. Using E = 200 GPa, determine the vertical deflection of joint C 
caused by the application of the 210-kN load. 
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Problem 11.77 


11,77 through 11.79 Using the information in Appendix D, compute the work of the 
loads as they are applied to the beam (a) if the load P is applied first, (b) if the couple 
M is applied first. 
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Problem 11.83 


11.83 and 11.84 For the prismatic beam shown, determine the deflection 
of point D. 
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Problem 11.84 


11.83 and 11.84 For the prismatic beam shown, determine the deflection 
of point D. 
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Problem 11.85 


J1.8S and 11.86 For the prismatic beam shown, determine the slope at 
point D. 
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11.85 and 11.86 For the prismatic beam shown, determine the slope at 
point D. 
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Problem 11.87 


11.87 For the prismatic beam shown, determine the slope at point B. 
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Problem 11.88 


11.88 and 11.89 For the prismatic beam shown, determine the deflection 
at point D. 
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Problem 11.89 


11.88 and 11.89 For the prismatic beam shown, determine the deflection 
at point D. 
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Problem 11,90 


11.90 and 11.91 For the prismatic beam shown, determine the slope at 
point D. 
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Problem 11.91 


11.90 and 11.91 For the prismatic beam shown, determine the slope at 
point D. 
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Problem 11.92 


11.92 For the beam and loading shown, determine the deflection of point 
A. Use E = 200 GPa. 
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Problem 11.93 


11.93 For the beam and loading shown, determine, the deflection of point 
II. Use E = 200 GPa. 
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Problem 11.94 


11.94 and 11.95 For the beam and loading shown, determine the 
deflection at point B. Use E - 200 GPa. 
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Problem 11.95 


11.94 and 11.95 For the beam and loading shown, determine the 
deflection at point II. Use E ~ 200 GPa. 
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Problem 11.96 


11.96 For the beam and loading shown, determine the slope at end A. 
Use E - 200 GPa. 
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Problem 11.97 


11.97 For the beam and loading shown, determine the deflection at point 
C. Use E = 200 GPa. 
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Problem 11,98 


11.98 For the beam and loading shown, determine the slope at end A. 
Use E = 200 GPa, 
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Problem 11.99 



11.99 and I LI 00 Each member of the truss shown is made of steel and 
has the cross-sectional area shown. Using E ~ 200 GPa, determine the 
deflection indicated. 

11.99 Vertical deflection of joint C. 
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Problem 11.100 


11.99 and 11.100 Each member of the truss shown is made of steel and 
has the cross-sectional area shown. Using E - 200 GPa, determine the 
deflection indicated. 



11.100 Horizontal deflection of joint C. 
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Problem 11.101 


11.101 and 11.102 Each member of the truss shown is made of steel 
and lias the cross-sectional area shown. Using E ~ 200 GPa, determine the de¬ 
flection indicated. 

11.101 Vertical deflection of joint C. 
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Problem 11.102 


11.101 and 11.102 Each member of the truss shown is made of steel 
and has the cross-sectional area shown. Using E = 200 GPa, determine the de¬ 
flection indicated. 

11.102 Horizontal deflection of point C. 
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Problem 11.103 
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11.103 and 11.104 Each member of the truss shown is made of steel 
and has a cross-sectional area of 500mm 2 . Using E ~ 200 GPa, 
determine the deflection indicated. 

11.103 Vertical deflection of joint B. 
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Problem 11,104 



11.103 and 11.104 Each member of the truss shown is made of steel 
and has a cross-sectional area of 500mm 2 . Using E = 200 GPa, 
determine the deflection indicated. 

11.104 Horizontal deflection of joint B. 
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Problem 11.105 





11.105 For the beam and loading shown and using Castigliano's theorem, 
determine (a) the horizontal deflection of point B, ( b ) the vertical 
deflection of point B. 
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Problem 11.107 
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11.107 Two rods AB and BC of the same flexural rigidity El are welded 
together at B. For the loading shown, determine (a) the deflection of 
point C, (h) the slope of member BC at point C. 
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Problem 11.108 


11.108 A uniform rod of flexural rigidity Elis bent and loaded as shown. 
Determine (a) the horizontal deflection of point I), (A) the slope at point 
D. 
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Problem 11,109 n .109 A uniform rod of flexural rigidity El is bent and loaded as shown. 

Determine (a) the vertical deflection of point D, ( b ) the slope of BC at 
point C. 
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Problem 11.110 


11.110 A uniform rod of flexural rigidity El is bent and loaded as shown. 
Determine («) the vertical deflection of point A, (b) the horizontal 
deflection of point A. 
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to? *** 


Problem 11.111 







11.111 through 11.114 Determine the reaction at the roller support and 
draw the bending-momenl diagram for the beam and loading shown. 
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Problem 11.112 


1.111 through 11,114 Determine the reaction at the roller support and 
draw the bending-moment diagram for the beam and loading shown. 
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Problem 11.113 



11.111 through 11.114 Determine the reaction at the roller support and 
draw the bending-moment diagram for the beam and loading shown. 
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Problem 11.115 


11.115 Determine the reaction at the roller support and draw the 
bending-moment diagram for the beam and load shown. 
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Problem 11.116 


11.116 For the uniform beam and loading shown, determine the reaction 
at each support. 
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Problem 11.117 I1.117 through 11.120 Three members of the same materia! and same cross-sectional area 

are used to support the load P, Determine the force in member BC. 
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Problem 11.118 


11.117 through 11.120 Three members ofthe same materia] and same cross-sectional area 
are used to support the load P. Determine the force in member BC. 
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Problem 11.119 1 l.ll? through 11.120 Tliree members ofthe same material and same cross-sectional area 

are used to support the load P. Determine the force in member BC. 
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Problem 11.120 


1 1.117 through 11.120 Three members of the same material and same cross-sectional area 
are used to support the load P Determine the force in member JSC. 
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Problem 11.121 



11.121 and 11.122 Knowing that the eight members of the indeterminate truss 
shown have the same uniform cross-sectional area, determine the force in member 
AB. 
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Problem 11.122 


11.121 and 11.122 Knowing that the eight members of the indeterminate truss 
shown have the same uniform cross-sectional area, determine the force in member 
AB. 
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Problem 11.125 


T a = :}!><) N • in 


T„ = 400 N - m 
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11.125 In the assembly shown torques T A and T g are exerted on disks A and B, 
respectively. Knowing that both shafts are solid and made of aluminum (G - 73 
GPa), determine the total strain energy acquired by the assembly. 


T Mi ~ Z * 300 AAhn 

Jfiz* f c* - f s 71.SX V/o S MM V = 79.Sz y/o w,* 
0,9 * 

7f ^ 

^ “ a K73W0* X7 V.&v/cri') 

~ G. 977 J 


Qv'e*- portion 80 r T^. 2 Xj Tg ~ 3oo-f Hoo » 7©o t. ~ o.li'vvn 


J7, r f (f-)" i m»S X W.SlYld 


9 9 


Un, * 


17 * L flc _ 0»o)*Co.7r> 

00(73 x/o*X939.:£?*'0 


-S\?26 J 


T»WJ( : tr =■ U Ae f 13 ac - 6.97? + ^7*6 


U ~ \7.7o J 


Problem 11.126 


C /20 mm 



1.25 m 5 m,n I 


Fu/- si dps A8_,D88£ 


u- -- u 


r~ *■/ 


11*126 A single 6~mm-diameter steel pin i? is used to connect the steel strip /)£ to 
two aluminum strips, each of 20-mm width and 5-mm thickness. The modulus of 
elasticity is 200 GPa for the steel and 70 GPa for the aluminum. Knowing that for 
the pin at B the allowable shearing stress is Tan = 85 MPa, determine, for the 
loading shown, the maximum strain energy that can be acquired by the assembled 
strips. 


Ap'* - ft!* - -JfcV*' sr 28.279 ~~ r 28.279 > to' c vJ 
tjrff - 8 £» IO c Pa 

UtuMe V? ZA't- (2)(x3.27H'"6 t )(ss*/cA) 

- 9. So6t> y lo s N 


A - (2o )(s ) * loo W in *** loo Y lo 4 

F Aq * F oq * if * 7.90S3X/0 3 N 
(2.HoS3 y(o % \o,S ) _ n 


® e XE^A»& ~ (21(70 y/O^XlO^^IGT*) 


TV - Fgg t~R£ 
Va£ ~ U' s A S£ 


(m.SO^Wq^ ^Cl.gg-O.S^ 

)C J go » lo~ f ’ > 


0. J 


O. 933?. X 


Total: V - Lifts v U De + U 6£ - 0.396 J 


U = 0.396 J 
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Problem 11.127 



11.127 The cylindrical block E has a speed v ( , = 4,8 m/s when it strikes 
squarely the yoke HD that is attached to the 22-nim-diameter rods AB and CD. 
Knowing that the rods are made of a steel for which <r r ~ 350 MPa and 
E — 2(M1 GPa, determine the weight of block E for which the factor of safety 
is 5 with respect to permanent deformation of the rods. 
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OH a,- ^ r f,?/ G Y - s sro j 

A * f eT * AffaY * 3<?o mm 2 - k ^ 

L ' /‘Of ~ jj* 

\4 - 40 m/s 


-at * 


(2 )C?^OC9^»yto < ‘)V^oy«?-4) ( ho sj 
Cs* K/tOJ 
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Problem 11.128 


11.128 A block of weight IT is placed in contact with a beam at some given point 
D and released. Show that the resulting maximum deflection at point D is twice 
as large as the deflection due to a static load W applied at /). 


Co^sS/ev- dropping fKe t ■fVoiiw <x. 

h al»«ve _ TKe wa\rU 

c^cune \c>y Wtf g irl i5 


ffl 



S4vytivo I U ~ ■p 


y~ ■■ * *y~ 


k |'S ike spt'Vn^ consiavl of ih<t fee^tvi ioadi’nj *4 po.’^'t ”D. 
£efOeAir\^ Work owrt €netr^ y ^ H + ) r 




h = o 


= i ky~‘, 


A 


?~U/ 
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Problem 11.130 


11.130 The steel bar ABC has a square cross section of side 18 mm and 
is subjected to a 200-N load P. Using E = 200 GPa, determine the deflection 
of point C. 


a m 

D 

^ 5 mm diameter 

. i 

a C TZJSSmS- .. -d 

A 

U-.—„ 

0 

.— 0.72 m-*■ 


0.24 m 


Assume her is a ‘two-fares eiA. 

O'tf-Fzc, - io-nx^oc) * o r BD = soon 

A So - ¥ r to-*’-'- 




r r _ FBO LgP _ {0oo) X (o-b) _ 

U ®° ' TSh (2 )(Z0O* 7O*)(/q<63 s V/o 6) 


1 0D 


yooti 


- d'OWBIJ 


Meeker AB - J 



* y 


j[ r Ja t- 8'74# x/o a> 


AS : h - - W* 


u « * Ofe ^ 


AQo 1 


- 6oo X 

CxX 

’-'rt 


_^ o‘*1*013 

( 2f2»0 x tO* )(8-7*0 */a'U(5) 


pc>y *j SC * M ~ " 2 oo\j 


S'* 7 * K>t 2 

u&c ' X *¥F ^ ' sex - 0 


l .,5 


(zoo) 1 (O'72'f 


( 2)(5oo V t O q )( &-74B xiO- tf )(a) 


s- IT-2222 Jf 


Total : Ur O so +U Ae + Uap = /. 9*5/6 J 


V 


Sc * 


UU _ Q)[M*£i£l = 0>emsi6 

p ' 200 


g " t^-S mm I 
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Problem 11.131 u.i3i Each member of the truss shown is made of steel; the cross-sectional area 

of member BC is 800 mm 2 and for all other members the cross-sectional area is 
400 mm 2 . Using E = 200 GPa, determine the deflection of point D caused by the 
60-kN load. 
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Problem 11.132 




u = 


P 2 p> . 

2&J 

Pa L + 
Gd + 


11,132 A disk of radius a has been welded to end B of the solid steel shaft All. A 
cable is then wrapped around the disk and a vertical force P is applied to end C of 
the cable. Knowing that the radius of the shaft is r and neglecting the 
deformations of the disk and of the table, show that the deflection of point C 
caused by the application of P is 
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Problem 11.133 


11.133 For the prismatic beam shown, determine the deflection of point £>. 
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Problem 11.134 






11.134 Three rods, each of the same flexural rigidity El, are welded to form the 
frame ABCD. For the loading shown, determine the angle formed by the frame at 
point D. 

Add couple M 0 cdt poi-ct 
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PROBLEM 


Element n 

r 


Element / 


Element 1 


11.Cl A rod consisting of n elements, each of which is homogeneous 
and of uniform cross section, is subjected to a load P applied at its free end. 
The length of element i is denoted by L i and its diameter by d t . (a) Denoting 
by E the modulus of elasticity of the material used in the rod, write a computer 
program that can be used to determine the strain energy acquired by the rod 
and the deformation measured at the free end. (b) Use this program to deter¬ 
mine the strain energy and deformation of the rods of Probs. 11.9 and 11.10. 


SOLUTION 


/~A/7T&; f? Aw £ 


Port f/fcM £rl£}*,£ U T 

£*rvrt. 2 > c 

_ p 

COMfrTf' tfoZunst. &7%lFSs,i PJ - ■■ .. 

p z L; 

-£7/2 &/V&K6Y: u - 

L 2 &’ L k 

S Tun w /rue*(Y> r VhUSt rf: _ 

u ~ — - - 

7T 

Tcrr^i. Bugra, y 

UPP/rnr ~77jr2c>06H rn 

U^U + U. 

' T c> 7Al PE frgvr-1 /? r/rw 

£pa = U : 


PrTCFFBJ'A OUTPU T 

Problem 11,9 

Axial load = sfrTKl 

Element Length delta L 

m mm 


Modulus of elasticity = 2.C-& &pci 

Stress strain Energy Strain Energy Density 

JT KTpP 


cj.&q?, 


‘itr-i'il 
3i '015' 


Total Strain Energy = Tf 

Total Deformation = p j£r£ aon. 


Problem 11.10 


Axial load = 25.000 kN Modulus of elasticity = 200 GPa 

Element Length delta L Stress Strain Energy Strain Energy Density 
m mm MPa J kJ/m''3 


0,497 

0.477 


124.34 

79.58 


38.65 

15.83 


Total Strain Energy = 12.1853 J 

Total Deformation = 0.9748 mm 
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PROBLEM 11.C2 


11,C2 Two 18 X 150-tnm cover plates are welded to a W200 X 26.6 
rolled-steel beam as shown. 'Die 670-kg block is to Ire dropped from a height 
h — SO mm onto the beam, (a) Write a computer program to calculate the max¬ 
imum normal stress on transverse sections just to the left of D and at the 
center of the beam for values of a from 0 to 1,5 m using 125-mm increments, 
(b) From the values considered in part a, select the distance a for which the 
maximum normal stress is a small as possible. Use E — 200 GPa. 


iSzxL/.- 


-;v'1 it 



1.5 m- *{ 


SOLUTION 

18 x 150 mm 

CCyfoPUTe AjpO F/V7tK PlOAAI£M7f <5/= AAAP/PT//1 
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\J -If? ru » X _^2L 
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X- - w ^ H 

2 CX 


PoS/7'tyv 2 
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~r/+/s is TAfF 9ASTEjAttur a~ pcez ^ >»s Sir>m.c /IS Poss/alF 


CONTINUED 
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PROBLEM 1I.C2 - CONTINUED 


p£Ttr*M /'-ja Tiasv of pK : 5 / /s ozrt.tr* ~r/c>M f]7 <c. F&n fit vh>7 i <s*r) c, 



pToUPdM OUTPUT 


Beam = W 7e>x>%>b^ with two /8 by /ff&M tn cover plates 



h = jnD/ivt 

w = U7%a 
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= M * 
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Use smaller increments to seek the smallest maximum normal stress 
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0-x! 

4>' v)7S 
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o > 1 


Max stress small as possible for a » Q? if ,sr#C tn 
Smallest max stress = MPo\ ■ 
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PROBLEM 11.(3 


24 inm 



2.4 mn> 


pyPoM P/ZC.&. / P a ‘3 e 


11 .C3 The 16-kg block D is dropped from a height h onto the free end 
of the steel bar AB. For the steel used tr a!l = 120 MPa and E — 200 GPa. (u) 
Write a computer program to calculate the maximum allowable height h for 
values of the length L from 100 mm to 1.2 m, using 100-mm increments, (b) 
From the values considered in part a, select the length corresponding to the 
largest allowable height. 


SOLUTION 


= /POMPa. ( 


/ - PCO £ pa. O.aZH On 


On = /£*£% } g s J, §7 'to/s *■ 

Z- d V //2 




.S _ 
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pPo£Mo/o Output 




Problem 

11. C3 



m m 

ib.O kg 

d = 24 mm 

a — 120 

MPa G = 

200 GPa 

h 

ystat 

ymax 

Pmax 

Mmax 

h 

iron 

mm 

mm 

N 

N-m 

mm 

100 

0.00946 

0.167 

2764.8 

276.48 

1.301 

200 

0.07569 

0.667 

1382.4 

276.48 

2.269 

300 

0.25547 

1.500 

921.6 

276.48 

2.904 

400 

0.60556 

2.667 

691-2 

276.48 

3.205 

500 

1.18273 

4.167 

553.0 

276.48 

3.173 

600 

2.04375 

6.000 

460.8 

276.48 

2.807 

700 

3 .24540 

8.167 

395.0 

276.48 

2.109 

800 

4.84445 

10.667 

345.6 

276.48 

1.076 

900 

6.89766 

13.500 

307.2 

276.48 

-0.289 

1000 

9.46181 

16.667 

276.5 

276.48 

-1.988 

1100 

12 .59367 

20.167 

251.3 

276.48 

-4.020 

1200 

16.35000 

24.000 

230.4 

276.48 

-6.385 


Use smaller increments to seek the largest height h 


435 

0.77883 

3.154 

635.6 

276.48 

3.2316 

440 

0.80599 

3.227 

628.4 

276.48 

3.2320 

445 

0.83378 

3.300 

621.3 

276.48 

3.2317 
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PROBLEM J1.C4 



11 .C4 The block D of mass m = 8 kg is dropped from a height 
h ~ 750 mm onto the rolled-steel beam AB. Knowing that E — 200 GPa, 
write a computer program to calculate the maximum deflection of point E and 
the maximum normal stress in the beam for values of a from 100 to 900 mm, 
using 100-mm increments. 


VVI50 X 13.5 


52 e JT Pnos. //. page 7o£ 
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SOLUTION 
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1 CfrOft fNay r 
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‘Ft 


r ■ 

777] Oy 




P/Z^Tt <*-, y P ,7" 

JSJ, —; J Ji r - S j 'May > /ma.; 

RF/oti/i 


Problem 11.C4 
Beam: W 150 x 13.5 


I » 

6.87 xlO'-G 

m~4 S a 91 

.6xl0~-6 m 

~3 

h ~ 

1.8 m h » 

750 mm m * 

8 kg g 

= 9.81 l 

a 

ystat 

ymax 

Pmax 


mm 

mm 

ntm 

N 

MPa 

100 

0,0003 

0.6775 

173.93 

179.33 

200 

0.0011 

1.2757 

92.43 

179-40 

300 

0.0021 

1.7946 

65.75 

179.46 

400 

0.0033 

2.2339 

52.85 

179.51 

500 

0,0045 

2.5936 

45.55 

179.55 

600 

0.0055 

2.8734 

41.13 

179.59 

700 

0.0063 

3.0734 

38.46 

179.61 

800 

0.0068 

3.1934 

37.02 

179.63 

900 

0.0069 

3.2334 

36.56 

179.63 


A •orei 7?/R sr'N/ut \}mn^ IN P my „ 7>jf /$ OuR 7RR ffyffUY 

ftcQvtaeo 6 yw<? /NCts «■$ tr /-tilts TNficjoR-i 

sPtF P&fle. /A/??, yaye 13! } R&R q cns7 

J-AvfftCY 0Nj/vi*Rl~?> '* rcsscr*/'!? a»r) q~ xUJ* CoNSTfihn, 


www.elsolucionario.net 





PROBLEM 11.C5 



11,C5 The steel rods AB and BC are made of a steel for which 
(Xy — 300 MPa and E — 200 GPa. (a) Write a computer program to calcu¬ 
late, for values of a from 0 to 6 m, using 1-m increments, the maximum strain 
energy that can be acquired by the assembly without causing any permanent 
deformation, (b) For each value of a considered, calculate the diameter of a 
uniform rod of length 6 m and of the same mass as the original assembly, and 
the maximum strain energy that could be acquired by this uniform rod with¬ 
out causing permanent deformation. 


SOLUTION 

f-AJT£ti ■ 




AB 


or , JOO MPa 

7r> F 

— ~7f [OiOlO'Hi) 3 


> 


F “ £Pa~. j / ~ £ 


" ^Co,oe>6an ) 


Be.: 


P - % fietA 


' 'hi 


Be 


ovrroz 


FOP CK~ O 7T* 6 S72FP / ay 

, FjfJb .— + ±Z±-~) 

Fop UNIFORM Rod OF SQMJ? VC>LUMJF 

VoL =: CX -t(l- cQ(f)RPA^) 

rf-flF 

«w - f 

/V,- 

L. 

/ ) — r/V<jrw 
>,(W 

Pr/ht a ~-) 0 f Vol^ ci j ^, £W j 
PlTUflN 


P roblem 11C5 

sigmaY = 300 MPa, Pm = 8482 N, L = 6 m, E = 200 GPA 


a 

u 

Vol 

d 

New p 

newll 

m 

J 

m~3 

mm 

N 

J 

0.00 

38.17 

169.65 

6.00 

8482.30 

38.17 

1.00 

34.10 

219.91 

6.83 

10995.58 

49.48 

2.00 

30.03 

270.18 

7.57 

13508.85 

60.79 

3.00 

25.96 

320.44 

8.25 

16022.12 

72.10 

4.00 

21.88 

370.71 

8.87 

18535.40 

83 .41 

5.00 

17.81 

420.97 

9.45 

21048.67 

94.72 

6.00 

13.74 

471.24 

10.00 

23561.95 

106.03 
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PROBLEM 11.C6 


11 ,C6 A 72-kg diver jumps from a height of 0.5 in onto end C of a div¬ 
ing board having the uniform cross section shown. Write a computer program 
to calculate for values of a from 250 to 1250 nun, using 250-nun increments. 
(a) the maximum defection of point C, ( b ) the maximum bending moment in 
the hoard, (<:) the equivalent static load. Assume that (he diver's legs remain 
rigid and use E — 12 GPa, 


SOLUTION 
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